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AM ETHOD OF COMPUTING URBA NO 


‘By wo HIcks,? 


7 The: purpose of this } paper is to ‘present | the e results ts of certain ydraulic 


estigations and gagings for improved u urban, drainage a areas 
nt sizes and of to an data from these 


ae offices, , and to compare actual values a runoff with those e computed by 


these n methods. Much of the complete research, upon which this paper is 
f based, has been . placed on n file for reference in Engineering So Societies s Library.'* 


av 


Rainfall-runoff. relations in Los Calif., are characterized (a) a 


winter rainy season with consequent low ’ evaporation and soil losses; and (6) c 
wide variation in rainfall in intensities on account of the mixed mountain, valley, — 


and coastal plain terrain. 


not lost by infiltration into the soil or left in et inne and on vegeta- 
surfaces to evaporate or sink into the ground 


” ‘The hydrograph of the net rainfall before it runs off the lot has the pattern 


of the rainfall intensities modified by the losses. Between this point and the 
Point of concentration in the drain, the pattern i is altered further by detention, - 

whieh j is the varying volume of w water that must be built up to induce flow at 

the: varying intensities of runoff. The general classification of detention is 


‘overland, gutter, and conduit. 


“late C. >. E. Grunsky,? Past- President, Am. Soc. C. E. the 


Nore, —wWritten comments are invited for immediate publication; to insure the last dis- 


cussion should be submitted by September 1, 1943. 
1 Civ. Engr., Storm Drain Div., Bureau of Eng., Los 
¢ 29 West 39th Street, New York, N. 


Po The Sewer System of San Francisco, and a Solution of the a Flow a, 
Grunaky, Transactions, Am. Soc. C.E., Vol. | LXV p. 294. 
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URBAN 
tion of net rainfall by storage; Robert E. — 3M. Am. Soc. C. E., eatin 
= analysis of the theory; W. .W. Horner, M. Am. Soe. C. E., and S. W. 
Jens, Assoc. M. Am. Soc. C. E., applied the theory* to the runoff from a city 
__* residential block and suggested ee projection into the drainage n network. 
+ ANALYSIS OF or RAINFALL Rucorps 


i _ Intensity, Frequency, and Variation with Locality. —T The Los Angeles County 


on 


Flood Control District, H. E. ‘Hedger, } M. Am. Soe. C. EK., chief engineer, has 
analyzed ‘rainfall records | operated by the District and other agencies to derive 


rae 


intensity -duration curves (Fig. 1) and : an isohyetal map of the county showing 


es per t 


infall Rate, 


in Inches pe 


Duration, in Minutes 


ra. L—Los ANGELES Couwrr Fioop ContRoL RAINFALL 

t the variation in the intensity of the 50-yr 1-hr duration over the mixed moun- _ 

tain and valley terrain. _ The map in Fig. 2 is based on n. studies of the Flood 

Control District, the U. S. District Engineer, and the writer (for the coastal 

region). 

Storm Pattern — ‘storm pattern plotting the major 
‘storms of f the Los Angeles Station of the | U. 5S. .W ‘eather Bureau as as mass curv es 
with: the center of the most intense 5-min duration at a common point (90-min 

_ clock time). . The result was a pattern storm between ‘“‘medium”’ : and “delay ed” 
and is illustrated i in F ig. 3. 
The rainfall intensity-duration ¢ curve ve (Fig. 1) is based on the analysis of a 
great number of individual storms; there is nothing i in the construction of the 
_ curves which implies that a storm having a 10-yr frequency for ar any stated 


 %“Surface Runoff Phenomena,’’ py Robert E. Horton, Publication No. 101, Horton Hy ydrological 


__4“Surface Runoff Determination em Rainfall without Using Coefficients,”” by W. w. Horner and 
3 Jens, Transactions ,Am. Soc. C, E., Vol, 107 (1942), p. 1030, 
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= duration will have the same frequency for an any vies time dation. 


statistical study of the more intense of the storms shows that the intensities 

for the shorter durations are lower than would be indicated by the storm’ - 
frequency rating corresponding to the intensity for a longer duration; and 

_ that the greater the longer duration defining ~ the frequency, the lower 

a (relatively) will be the intensity corresponding to the stated shorter duration. n q 
This variation finds application i in computing runoff | hydrographs for various 


times ¢ of concentration. 


- 


f 
Mass Runoff to Inlet 


| 
Mass Runoff in Conduit 


Conduit Detention 
| 


fe) 
Elapsed Time, in Minutes row 


Fic. 3.—ELEMENTS OF OF THE | 
Antecedent Precipitation —For determining the values of antecedent pre- 
cipitation, probability studies were made (using the “method of H. Alden 
Foster, Am. Soe. E.) of two composite factors of the rainfall records of 
the Weather Bureau, and I x FX M. The factor M is 

defined by 


+ 


= teense « of 1 rainfall, in iene per hour (for a specific time e duration). 
The r: rainstorm shape factor F is obtained by summing the values of the maxi- 
mum 1 5, 10, 15, 20, 30, 45, and 60-min rainfall @ ) in inches, in the order named 
and dividing by a corresponding summation of d’’-values from the standard 


design rainfall curve (10-yr_ B curve, Fig. D; Fs = + + 


_ _ &“Theoretical Frequency-Curves and Their Application to Engineering Problems,” by H. Ale 
> Foster, ‘Transactions, Am. Soc. C. E., Vol. LXXXVII (1924), p 142, 
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for eT 15, ete. T The evaporation factor Ei is an arbitrary value based on the 
average evaporation for the 60- day period preceding the storm, derived ae 
seasonal variation of evaporation. precipitation, | in inches, 
expressed as dgo + 1, in inches. | This i is equivalent 1 to the summation of 100% 

of the rainfall for 0 to 4 days antecedent, 50% of that for 5 to 9 days, 25% " 

that for 10 to 14 days, 15% of that for r 15 to 30 days, and 10% of that for — 
to 60 days, antecedent. - The residual soil moisture is allowed for by “+ i in 


The ition of the to the t term, (deo + wd to derive M, a 


x 


“Inches per 


4 


rate curves, -ves, in which the values of soil- loss rate were ware on the local storm 
of March 2, 1938, when the value of E (deo + 1) was approximately 10 for the — 
drainage areas subject to analysis. 


x When IFM fora given duration and frequency i is divided by the | corre- oe 


- sponding product J F, the result is the value of the weighted ‘moisture factor, 
_M, equal to 0.39 on the isohyetal of 1.33 at the Weather Bureau station. — — 
Because lawns and parks are irrigated between storms during the rainy — 


season, an estimated 0. 0. is added to the original value of M, a 


E. for distributing rainfall intensities was ‘applied toa leans 
a Pasadena, where ‘Tecords are available from: a large number of a auto- 


Transactions, Am. Soc. C. E., Vol. 107 (1942), Fig. 16, p. 008 
Sie The Distribution of Intense Rainfall and Some Other Factors in the Design of St Storm-Water I Drains al ” 
ws Frank A. Marston, ibid., Vol. LXXXVII II (1924), p. 535. 535. 
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the 50-yr isohyetal on which each individual gage was located. The results of 


the study areshownin Fig.5. 
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ESTS 
- detailed report of soil infiltration tests on small soil plots with artificial 


partly pervious drainage areas. From these sources, the rainfall-rate loss-rate 
¢ _ curves for a moisture factor, M, of 1 were derived for use in preparation 0! 


4 design data (see Fig. 4).° A value of 1 for M denotes that the soil is well — 


saturated and that the lower and more stable values of infiltration capacity 


TR 


=) 


a 


oy a 8 Progress Report, Conference on Water Conservation, Los Angeles, California, by Committee on 
Conservation of Water, Irrig. Div., Am. Soc. C. E., December, 1935, p. 50. 


8a Copy of paper will be furnished upon request, addressed directly to the writer. 
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In n the paper by 7 Horner and Jens* and the discussion by the writer,® 


the question of variation of infiltration capacity» with rainfall intensity was 
raised. Local experimentation shows predominant variation for bare soil as 
noted by the authors anda lesser amount of variation for sodded aging The 


the on which any of detention Spreads” uniformly and 
utilizes the full infiltration capacity of the soil. 
4 iil. EXPERIMENTAL ANALYsIS OF OVERLAND Fi LOW AND GUTTER FLOW 
‘es a thorough treatment of this subject the reader is referred to the afore- 


- mentioned paper by Messrs. Horner a and J Jens, on the development of the runoff 


{ hydrograph for a city block, and to the discussion by the writer introducing 
details of ‘experimentation made in Los Angeles on overland flow on turf and 


various types of pav ing surface. 


. ANALYSIS oF RAINFALL- RECORDS FROM Leos URBAN Annas 


In attempting to ) solve an naly tically a problem with as many variables as 
“runoff, , the possibility of piling up accumulated errors through comparatively 
~ small errors in assigning values to these variables may be checked and mini-- 
mized by collecting + and analyzing rainfall- Tunoff records from drainage areas 
of various types and | sizes. Further uses for rainfall-runoff records are the 
derivation of time and volume relations of the rainfall and the runoff, , and the 
analy ses of the shape and time elements of the runoff hy drograph. ee 
Drainage - lrea Survey ey.— Drainage maps, improvement plans, and soil survey 
maps of the U. S. ‘Department of Agriculture formed the basis of the survey. 
The drainage ridge was located by field surveys, and determinations were made 
of the percentages of pervious area Ap, , impervious area Aj, and that portion 
of the impervious area directly wibeleny to the drain or gutter without flow 
over open soil Aa. Pertinent information is listed in Table 1. Runoff for 


=. TABLE OF Locan AGE AREAS 


| Aa 


Easteri Ave. at 515.0 Clay and heavy | 23.7 (16.3 76. 3 | Gutter, pipe, rein- 
Klamath St. forced concrete box 


loam 
Broadway Channels 1,549.0 loam ‘saa Gutter, pipe, arch, 
St. Son 5th St. 0. 80 100 | .... 
Sth St. at Spring St. 2.17 | 100, | Gutter 


Stations 10 and 11 was recorded with gutters calibrated from fire hydrant: 


flow measured with a rated meter. | All other runoff and rainfall were measured. 
7-1 


i 
= automatic recorders using large scale charts. _ 
‘Time of Concentration —This has been defined | as the time for the storm 
water to flow from the ridge to the point: of gaging, , excluding finger- like ‘pro- 
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-=Bedilion St. Rain Gage 
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——-7:00 
Clock: Time 


(b) EASTERN AVE. NO. 3 

MAR. 2, 1938 
RATES 

Time Time 

Beginning Ending 

7:00 AM. ‘738 AM. 
| 7:38AM. 9:10AM. 

9:10 AM. 11: 14 AM. 045 
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Retention Curve 
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Clock Time 


Fra. or Storms RECORDED AT AVENUE, 


| 
Papers 


Mass Rainfall; Mass Runoff; Retention; Loss in Inches 
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‘ Adjusted Mass Rainfall Curve 


= 


‘Beginning Ending Curve 


4:00 P.M. 4:30 P.M. 0.62. 


0.4 4:30 P.M. _ 6:20 P.M. (0.82 


OS 


L 


Retention; 


Runoff Rate in Inches per Hour 


off; 


Dep ression Storage Loss 


Mass Rainfall; Mass Run 


1937 
| 
— LOSS RATES 
Time ‘Time _—_Loss 
Beginning Ending» 
5:00 P.M. 6:46 P.M. 1.12 —— 
P.M. 10:00 P.M. 0.94 


s 
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our 
ur 


per H 


hes per 


> 
inc 


Mass Rainfall; Mass Runoff; Retention; Loss in Inche 


o oOo 


Runoff Rate in 


oe » 


Clock Time 
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| | | | | /A | 
TB 
TT 
_| Adjusted Mass Rainfall Curve. 
| 


In work ‘(for the of consists. 
of the inlet time for the initial block plus time of flow down the conduit (in 
minutes). _ For analysis of runoff records from partly pervious areas, the inlet 
time of the initial block is affected by the weights of the volumes. of overland _ 
flow delivere - from the lawns (slow flow) and from the impervious surfaces 
(fast flow). = Account must be taken also of the fact that in normal design 1 
tabling, the time of flow i ina closed conduit i is computed for full-wetted perim- | 


« 86% of that for free flow); ; that the ultimate drainage 


mam 


Time for overland flow i is computed by the equation 


in 1 which 5. (average depth of flow) is computed for the various we pes of s sur- 
- faces by formulas presented elsewhere; ' . and ¢ = rate of supply of excess 


a rainfall, in inches per hour. Eq. 2 represents the horizontal (time) distance 
between the mass curves of rainfall supply and runoff. Gutter flow time is 


computed 


in y which l= = length of overland flow, in feet. ene 
For partly p pervious areas, such as s Station 3 (Table 1), a series of es a 
concentration curves is needed, varying from a dry soil condition (about 


(18 % ri unoff) to. si saturated 


TABLE 2. .—Dara ror PLOTTING condition (about: 76% runoff). 
OF Concent TRATION C CURVES for plotting these curves 
are presented in Table 2. 
Time, tc, PERCENTAGE OF Plotting. —Using a part of the 
of March 2, 1938, on n gaging 
_ 76% | 8% Station 3 (Fig. 6(6)) as an illus- 


| 
of. 
4 : 


tration, the mass rainfall curve 
(in inches), t the runoff rate curve - 
(in inches per hour), the mass — 
runoff curve (in inches), and - 


_ retention curve or the difference 
° between the mass rainfall curve and the mass runoff curve (in inches) need 
no further explanation 1 for their method of plotting. _» The gross loss curve and 
the: storage ¢ curve, both expressed i in inches, are more involved and rec require a 


detailed explanation, 


Am. Soc. E ad 1100, 8. s. 17, 18, and 19. 
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— _ jections of area. It is also the measure of an intercept on the mass rainfall : 

J 

— 
— 
— 

———- 6=6htéi‘<i‘iér-_~=«éweéid-designed drain is at efficient depth (free flow) except at points of hydraulic 

— ll-designed d t efficient depth (free fl ept at ts of hydraulic a 

ae disturbance. Therefore, for analysis of records, the free Bow velocition in 
oe 7 conduits and gutters are multiplied by 0.86 in order to keep the data on the . a 
-_ 
— 
— 
= 
— 
mz 
— 
— 

-_ 

— 


and the rainfall pare has been low and fairly uniform for the preceding ” min. 


rainfall of depths pry gutter and storage for low rates of 
= values of composite storage were plotted down from the retention curve; these 
"points lie on the gross loss line and are control 
Second, the value of impervious surface loss (experimentally y determined 
nero of the rain falling on the i impervious surface) is com- 
puted for the reach betwee een control. points (0.10 A; idy = = 0.0237 d; for Station 3, 
: dy being the volume of rainfall, in inches) and is plotted down from the control 
point at the right of the reach. 
‘Third, the pervious surface loss is a function of the rain falling directly. on 
the perv ious surface plus the rain falling on the portion of the impervious 
surface discharging runoff on to the pervious surface; 10% of this latter rainfall 
is already lost on the i imper vious surface, leaving 90%, wan will be subject to 


a further loss on the p perv ious surface on to which it flows s. The rainfall rate is 
adjusted therefore in the ratio: 4p +00 Ad) or 1.09, for Station 3. 


Fourth, the reaches between control rol points a are analyzed by the following 


| 


check 


(b) Rainfall rate; 

(c) Amended rainfall rate 09 I); 

Infiltration. rate. (from. Fig. 4 for 1. 09 I; 

(e) Infiltration rate x A Ap (76.3%); 

Impervious | loss rate (0. 10 A; or 0. 0237 Q); 

(gy) ‘Summation of items (e) and (f) (gross loss rates). 

If the sum of the products of the rates in item (g) and the | time intercepts in- 
item (a) (in hours) does not equal the gross loss for the reach, recompute the 
_ tabulation with another infiltration | curve from Fig. 4.6. When a a balance is 
"secured, plot the | pervious. and g gross ss loss curves. (The loss curves noted in 
| Figs. 6 6 and 7 are identified by the loss sintercept ona on a 3-in. rainfall rate in Fig. 4. 4.8) 


it is found that, w hen a » reach between een points: 


balane cing is tn in excess of those wade on ‘both sides of the reach. Actually, 

the curve will lie between those for the reaches immediately before and after; 

= excess loss is depression ‘Storage. In this case, the tabulation i is made for 

n intermediate infiltration ¢ curve; the products of items (a) a nd (g) are e summed 

aa deducted from the total | divergence between control points; the result is a 

measure of depression s stor rage loss. (For illustration, see Fig. 7 for Station 4. ) 

; _ The storage curve, , embracing st surface, gutter, a and conduit storage, is plotted | 

as the vertical divergence between the retention curve and the gross loss curve. 

- Analyses of other rainfall- runoff records are filed j in the Engineering Societies 
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_hydrograph, its relation to the mass rainfall curve, and various factors to be 
analyzed in this paper, is delineated i in Fig. 3. On the recession side of the 
hydrograph (see Figs. 6 and 7), when the depth of composite storage (D), in 
inches, is plotted against the coincident rate of runoff (q), in inches per hour, 


the resulting curve on n rectangular coordinate pap paper er is a straight line below 90% 
runoff rate. the slope of this line is plotted against time 


of cnnaiitnation. the result is also a straight line. - Sample curves for Stations 
_ 3, 4, 10, and 11 are shown in Fig. 8. Fig. 9(a) shows the relation of the slopes 


hen 
STATION 3 
15, 1937 
.M. Peak Runoff 


STATION i 
Feb. 28, 1938 
| 7:09 AM. Peak Runoff 


— 


£ 
£ 
ra) 
2 
Cc 


STATION 10 
Jan. 29,1933 
3: - P. M. Peak Runoff 


PM. Peak Runoff 
0 0.2000 030. 040 O50 060 070 (090 
ate, qn inches per Hour 


8.—Dupru or Srorace RuNOFF Rares, Recession Sipe oF 


oof the storage-runoff ra rate curves and times of concentration as derived from 
ae analyses of records of Stations 3, 4, 10, and 11. Data are 1 recorded i in | Table 3. 


Col. 4, ‘Table 3, , of 


— 

— iz 
— 
- 
— 

m 
— 
— | 
— 

— 
— 
— ratio of the volume of runoi 
— 


RUNOFF 


runoff were in the adopted standard pattern ona Fig. 10 for Station 4, February — 
28, 1938). Ther net rates of rainfall adjusted in ratio to the pattern 


VERSUS 


os 8 
d 


Time of Drawdown, 


Ww 


q 


>> 


ome 


a 
° 


a 


ime ELEMENTS OF 1 THE FROM. 


A 


Values of Time of Concentration, 


time of concentration is 44. 3 min. a value (Fig. ma) 0.311 


runoff. rate is then 20% 


. mae 7: 13 to 7:14 a.m. » plot the 90% peak runoff rate as a mass runoff 


curve, distant below the , mass curve of net rainfall 0.125 in. (the value 
¥ From 7:14 to 7:16, prolong the mass runoff curve with a rate (0. 4224 in. 


a - hr) so selected that the value of storage measured at 7:15, the 
center of the ems on, the curve of (0.117 in.). 
| 


| — 
In the analysis of storm 1 uce the recession 
4 

— 

{ 

a rates are 0.110 and 0.036; the value of storage at 9UY% peak is 0.125 in.; the 7 ee 
| 
— 


URBAN RUNOFF 


een "100% and 20% peak rate, Table 3 and 
Fig. 90). 
ed phenomenon | of runoff hydrograph is disclosed by 

_ plotting the recession curve on semilogarithmic paper. . The recession ct 


TABLE 3.—ELEMENTS OF ‘THE Hyprocrarax Derivep From REcoRDS 


“peak Time of | Time of 


peak 
age of drawdown I lag (min) 
= in runoff how wad | Aq (min) ~ 
| 


runoff concentra- - 


28.3 0.250 
33.4 | 0.240 
0.250 


= 


DOOR 


(SOR 


SSS 


| 


50.8 


CO 


apa 


1/16/33 |12:08a.m. | 1.570 
1/16/33 | 3:36 p.m. | 0.815 
1 [29/33 3:345 p.m.| 0.828 


1/16/33 | 3:40 p.m. 


0.472 <4 89 |... 12.9 

1/29/33 | 3:38 p.m. | 0.432 66.3 0.664 4.4 

1/29/33 | 4:055p.m.| 0.260 | 56.0 | 107 = 3.8 
~ 
after 90% peak tends to be a straight line. In Fig. 11, recession curves have 
been plotted, both revised as indicated i in the preceding paragraph : and w ithout 
. ‘revision. It will be noted that, for the records having small times of concen-— 
tration ‘the curve tends to draw to the right, away from a a straight line, at a 


50 


= ell above the > 20% peak runoff rate; for the long times of cincaintion, 


_ the curve remains a straight line down to’ a low percentage of peak rate, An 
a: explanation i is that, as the time of concentration increases, the greater depth 


Rainfall — Mass Runoff = Detention, in Inches 


Mass 
oOo 


oO 


time 
A 
elem 
— from 
8/85 
= 
"3/15/37 
2/11/38 
2/28/38 
2/28/38 
2/38 
3 3:54p.m.]| 0.530 | 78 
12/28/36 |12:29 a.m. | 
5/37 7:34 p.m. 
1/30/37 | 5:12 p.m. | : 
3/15/37 | 7:45 p.m. | 
2/28/38 | 7:09 a.m. | 
— 
4:00 p.m. | 
— 900 | 34 | 44 18 | 
Pe. 69.0 | 5.3 0.0375 62 | 20 | 42 ; 
of 
— 
7 
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of water stored | in transit governs the ade runoff for a greater length of 


An equation for peak runoff rate has -derivec rom a study of f the 
‘elements of the hydrograph (see Fig. 3): ee 


Kd, 


in which g- = the computed peak runoff rate, in inches per hour, K va 


from 96 for a 5- min time of concentration to 108 for 60 min, and dy = volume 


n inch 


n,i 


“p=0.027. 92 |. 


Runoff Rate, g, in Inches per a ; 
- 


Detentio 


= 


q=0.4473 =| D=0.125 
: 


Fie. 10. FEBRUARY 28, 1938) 
of runoff ¢ on . the recession side of the hydrograph betwe een 100% and 20% peak 
‘Tunoff rate, in inches of depth on the drainage : area. 

‘The foregoing hydraulic phenomena are characteristic of urban runoff but : 
are not found in certain types of mountain runoff, Sen - 
+ Derivation of Time Factors. —The meaning of the time - factors is shown 
"graphically in ‘Fig. Values derived from records are listed in Table 3. 
- Comparison of their values with corresponding times of concentration is shown 

graphically in Fig. 9. The curves used hereinafter in the synthesis of the | 


SMandard d hydrograph are delineated as solid lines. 


April, 1943 
AD 


‘URBAN RUNOFF 


time (tz) can be defined as the time (in minutes) | between | q 


_ the centroid of the intensities of the effective rainfall curve, for the intercept 
aa the time of concentration, and the time of peak runoff rate. It | 


lependent on the shape and distribution of impervious development of f the 
|| + 


e 


ae 


in Inches per Hour 


7 Runoff Rate, 


and ‘no curve of fixed values can be derived the data 
(see . Fig. 9(d)). The time of drawdown (ta) is shown by 
approximately, equal to the time of concentration for the he adopted rain 
pattern. The time » in minutes from: 90% to. 90% peak runoff rate 
is weighted by comparison with the to 80% peak 


pr 
— 
— 
= 
— 
— 
— 
— 
me 

1 
— 
i= 


«URBAN ‘RUNOFF 


FREQUENCY 
: The fr equency | of runoff i is a dependent in part on the : amount of open soil i i 


the drainage are area and the wetness of that soil. “a This wetness is caused by 
precipitation an antecedent to the 


Clock Time 


Inches pe 


Runoff Rate, q. in 


Revised 


lind 
Recesston 
Tunoff. 
-Tunoff j increases as the: of loams progresses; this saturation. 
is measured by the moisture factor M 
Although sands, free of colloidal sw swelling, respond to an antecedent precipi- 
‘J of much shorter duration, their infiltration capacity iss so great that at the 


te of the same ‘moisture factor as for « clays and loams causes no material ¢ error. error. 


—— 
— 
— 
— 
— 
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Analysis h; has been made of the factors in the 
ge = Ki (IF 


for ne 515 acres of predominantly pervious area of Station 3 (see Table 4). 


the TABLE 4.—Dara For Ea. AT 


“peak. con od | Rainfall| Rain-— 


storm | 
in in. factor | IFM4» Item 
os | 
0.805 
0. 205 | 
(0.484 
0.790 
0.497 
0.600° 
(0.416 
0.430 
0.400. 
0.403 
0.440 
0.405. 
0.353 


5/35 
12/80/36 


_ 


0. 570 
0.510 
730 
0.455 
0.460 
al 0.182 


_ 


0.219 
0.201 


0.250 
0.147 


REAM 


OP 


If I F is c onsidered constant, Ge varies as M (or M4?) to the iia. i 2. 
“Station | 3, Ki= 1.00: and | t= = 0.55.. Based on studies of this and 
curves and on ‘results of the trial- and- -error development of the method of 


computation of runoff (see Fig. 12), runoff from « open . soil has been assumed to 
vary as for the range of rainfall intensities used in urban design 


VI SyNTHESIS oF THE FROM DERIVED 


TABLE 5- VALUES ov 1 MorsturE 


1.12 | 1.33 | 1.55 | 1.7 
: 5 0.500 | 0.555 6 
0.675 | 0.715 | 0.755 


TABLE. 6. oF URBAN DRAINAGE AREAS) 


= SURFACE Factor of equivalent 
pervious area rainfall 
“Type of development Ap + 0.9 (Ai — Aa) 


Hillside residence 


50 


Impervious; ‘business ‘and manufacturing 4 


— 


Se ction I a and 1 Table 5), and classification of drainage areas as to impervic ious 


de evelopment. 4 This classification is given i in Table 6, which is based on surv ey ys 7 


7 |198 | 221 2.65 
12 | 0.665 | 0.730 | 0.835 
0.795 | 0.840 | 0.910 


— 

Papers Ap 
| 
is 
a | 
a 

p 
10 

— 
— 
4 

a.m 
2 
2/11/38 
(2/28/38 2 
2/28/38 p.m. | = 
— 3/2/38 td 
3/ 2/38 | a.m. | 

3/ 2/38 p.m. | 
— = —__ 12/18/38 B p.m. | 
1/ 7/40 p.m. | a 

3/31/40 p.m. | 
<0 
4 

Preliminaries to computing runol hydrographs for use in design are assump-- 
tions for rainfall int pn (see 
= 
| 

— 1.00 | 

45 

— 
— 

— 


and a zoning ordinances. “For! brevity, the percentage Aq and the soil type (1 for 


clay, 2 for loam, and 3 for sand) are used to designate an area a (15 -—1 denotes : 


“park, with clay soil”). 


had 


a 


| 


2.—Compurap AND AcTUAL RUNOFF Rares—URsan AREAS 


‘The ay of development of the runoff hydrograph follows (see Fig. 3): 


Plot the gross mass rainfall curve (10-yr B omve, Big. 1); 
Deduct losses to form the net rainfall curve— : 


(a) Impervious area losses; 
Pervious area losses—depres ‘ession storage and infiltration; 
3. the varying of flow detention to the 


e mass runoff-to- 


2. 


Deduct the varying depth o of conduit to runoff 


| 
| 

O15 040050 $10 15 20 2530 4050 = 100 
| 
4 


“URBAN RUNOFF Papers 


Int the | paper - by Messrs. Horner and Jens,‘ the method h has been developed | 
7 The w riter has derived ‘Tunoff- to-inlet hydrographs for 1 the area classifica- 


= | tions of of Table 6 and for various types of soil. As the shapes of the resulting 


actor to Be Applied to Base Curve 


0 
4 


1 
Rainfall for One ‘Hour, i in inches 


‘Fie. —Runorr Factors 
Re hydrographs | were similar, they were plotted for the “more intense portion of 
the: storm on a pepesnany, clock- time scale v with percentages of commited 
of ‘Tunoff a as ordinates. The curves nested with slight variations; 


— hye 
— 
— 8 +f 
fi | A | 
; 
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hyetal (Fig. 2) for 100% impervious development was selected as a base for the © 
Be of hydrographs of runoff in the conduit, from which were derived , 
the b basic runoff rates for times of concentration from 5 min to 7), 
TABLE 7. —Basic Runorr AND Fact 
FOR Conpurr Derextion 


Col. A—Peak Runoff Rates Base Curve (Cubic Feet. per Second per Acre); and Col. , a 
Peak Reduction Factor, Conduit Detention (Percentage per Minute of Flow)) "4 


(min) A | 85 (min) by 


2.04 || 1.34 | 1. 58 
1.88 || 44 
1.75 || 46 J 70 
j 

100 

110 


clock time ‘containing the 
runoff to gutter. 
Construction of the Runoff-in- 
Conduit, Hydrograph. —The drain- 
age area for the computation is 
rectangular i in shape with the unit. 
areas consisting of five-acre blocks, 
330 ft by 660 ft, with the long 
side north and south, drainage flow 
south and east. The trunk drain: 
(13,860 ft long) flows south along | 4 ° 
- the east side of the drainage area 
and intercepts a lateral (4,290 ft 
Tong) | every 660 ft. Each lateral 
_ serves 14 blocks. . The rectangular 
shape, although common in urban 
drainage, is a special condition of = 
a method of correction « of 


~The inlet of the initial block 
‘Fra. 14, —CHART FOR CoMPUTATION OF 


Porwrs of CONFLUENCE 


isSmin. The mean velocity of flow 
in the conduit based on full 
Pere perimeter, is assumed as as 5. 5 ft per sec. A number of tabulations of 


| 


— 
4 
i 
4 
| , 
2.17] 4.10 || 26 | 1.65 117/080 
2.10 | 3.80 || 28 | 1.60 115 |O.77 
2.05 | 3.50 || 30 | 1.55 1.07|0.64 
199 | 3:30 || 32 | 1.51 1.01}0.55 
1.94 | 3.10 || 34 | 1.47 0.96|047 
1190 | 2:90 || 36 | 1.43 092/042 
1.85 | 2.75 || 38 | 1.40 0.88 | 0.37 
ther rainfall curves and states of areal development: to be — .. 
x to the basic values a runoff factor (Fig. 13) based on their | ia ad 
\\S —§-30, 3-20, 2-10 
> 
— 
1-30- 
°. 
| | | | 
ed subsequently = 15. 5 
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tne (Fig. 9(4)), t time duration of 90% peak k (Fig. (0)), 2 and time of. ae 

(Fig. 9(6)). The curves on these indicate the final ralues obtained | 

"from these studies, determined after numerous trial computations. 
_ The steps of computation and construction are: 


LL Plot the 5-min hy ‘drograph from the initial block as a rate curve and | as 
7 a mass runoff curve by altering the net rainfall curve for detention on 


; 2 2. Plot a trial 10-min hydrograph as a rate curve 


3. At selected points on the clock-time sc ale, compute the cross-sectional 

area of conduit for the 5-min and 10-min hydrographs and calculate ratios: 

: thereof to full cross-sectional areas; the average of these ratios multiplied by 

the volume capacity of the ‘conduits between 5-min and 10-min times of con-— 

centration equals: the volume of water in the conduits at each selected clock 

7 time. _ These volumes (in cubic feet) divided by the square feet in the drainage — 


area having the 10-min time of concentration yield depths - conduit ‘storage — 


in feet over the drainage area. 4 
Plot. depth of conduit storage (in inches over drainage area) 


_ below the mass runoff curve for the 5 5-min hydrograph for the clock time at the 
left side of the chart; beginning at this plotted point, plot the 10-min hy rdro- E 


_ 5. Plot the remaining depths of conduit | storage above the mass runoff 


the 


curve for the 5-min hy drograph, the ell 10-min is correct; if 
not, plot a: another 10-min 1 trial hy drograph and repeat. the operations. : 
mie 6. Having derived the correct 10-min hydrograph, assume a 20-min hydro- 


< graph, and repeat the operations, computing volume of conduit storage between 


 §-min and 10- min times of concentration, and between 10-min and 20- min 
_ 7. Repeat the operation for 10-min increments in time of concentration. 


For illustrating the method, the 20- min runofi- in- conduit: hydrograph is is 
t constructed | using computed data in Tables 8, 9, and 10, and the graphs in 
‘Fig. 15. Tables 8 and 9 contain computations for the storage caps r 0 
_ a conduits lying upstream from points having times ‘of concentration bate een 5 


and 60 min. Table 10 is a multiple table with ‘a common horizontal scale a 


eke times of points selected | for computing volumes of instantaneous conduit 
storage. These» values of conduit storage depth : are plotted in Fig. 15 above 


the 20- min mass runoff curve. These points have been balanced with the 


5-min mass runoff curve to a reasonable but not mathematical accuracy. 
‘The results of these analyses are summarized in the table of basic peak | 
‘runoff rates (Table and i in a chart of the time elements of the basic hydro-— 

_ graphs: (Fig. 16). With these basic data and charts of runoff factors (Fig. 13) 


for various rainfall intensities and physical characteristics of the drainage area, 


4 
Papers FA 
ea depth of storage r the drainage area, for any given | | 
— 
1 
ti 
| 
— 
aq 
— 
— 
— 
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; peak runoff rates and hydrographs can be computed for use in design. In 

Fig. 16, the time of draw down (100% to 207% of t the peak runoff Tate) is equal 
to the time of concentration, i for any time exceeding 20 min. A table for 
plotting the basic standard hydrographs for times of concentration of from 5 


to 60 min is filed in the Engineering Societies es Library." - Examples are shown 
in ‘Figs. 3 and 15. 


TABLE 8.—VoLUME » INcRE MENTS OF CONDUIT DrETENTION Capacity 


Time of Record peak Volume incre- 
oncentration, runoff rate, L ‘ment, in cu ft 


in in in. per hr AL a) 


12,792 


Oo 


| 
| 


Go = 


S 
me bobo 
W 


62,550 


6 | 78,846 
L 


OO 
ou 
oo 


by 


‘TABLE 9.— AVAILABLE Conpurr Between 
oF CONCENTRATION 


= | acres: 


(te) 5-10 | 10-20 20-30. 30-40 | 40-50 | 50-60 
ve oe | min min | min | min | min | min | 


MCF : 1,000 cu ou ft. 


Factors.— —The derivation of runoff 


volume of mass runoff- to- -gutter curve between 80 aa 120 min clock time jem 
as intercepts for various hourly rates of rainfall in Fig. 17, which is 
follows: Using the standard pattern of rainfall 1 curve with hourly 
intensities. varying from 0. 7 to 6 in. per hr, net runoff- to- >-gutter hydrographs 


= 


— 
— 
— 
— 
| — 
q 
4 
64 
3] 
8,400 
detention, 
gg MCF 153.5 | 613.4 | 283.3 | 553.2 | .... | .... | 
0.050 | 0.201 | 0.093 | 0.181 | .... | .... — 
so | MCF 27.5 | 862.2 | 283.3 | 553.2 | 771.7] .... | a 
in. 0,050 | 0.200 | 0.066 | 0.128 | 0.179 
281.5 |1,111.0 | 283.3 | 553.2 | 771.7 | 957.7 
in. 0.050 | 0.199 | 0.051 | 0.099 | 0.138 | 0.171 
: 


— 
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- are computed for sand, loam, clay, and i impervious surfaces with loss rates for 


M= = 1 from. Fig. 4,6 ond with depeenion | storage losses of 0. 20, 0.1 
y. 


“4 ‘TABLE 10.—ComputTaTIon oF RUNOFF WIT! 
Conpurr Devention 


ler an sand, loam, and cla 


> 


nr. 
Papers 


and 0.10 in. 


| 


3.40 


2.50 


85 


80 


93 


96 


100 


at 


105 


110 


0.40 | 0.51 | 0.72 | 0. 
0.40 | 0.50 | 0.67 | 0. 
0.40 | 0.49 | 0.65 | 0.79 


150 


120 130 140 | 


3.40 11.8 15.0 | 21.2 | 26.5 porns 99.7 | 46.5 
2.50 | 16.0 | 20.0 | 26.8 | 32.0 | 42.4 | 98.5 | 97.7 


1.85 | 21.6 26.5 35.2 | 42.7 | 54.1 | 77.9 | 98.9 


14.7 
22.4 


17.8 21.6 27.6 32.1 43.7, 87.3 | 47.6 | 35.3 | 26.9 | 21.3 
22.8 | 26.2 | 32.4 | 36.3 | 44.3 | 85.9 | 85.4 |°48.7 | 34.2 | 29.0 


28.0 | 32.2 | 39.2 | 44.7 | 52.5 | 70.0 | 86.4 | 86.4 | 62.3 | 43.8 


| 


© Percentage or at Crock 


47 
10.0 | 7.6 
15.1 | 11.9 


| 2| 56 


13. 102 
20.6 | 15.4 | 13.0 
25.8 | 21.8 | 17.8 


(@) Averace Percentace or Arga at Crock Tre 
= 


96.6 
79 


| 30.0 
35.8 


34.2 


44.0 
48.4 


unoff Rate, in Inches per Hour 


- 


— 


55840 2 
115,812¢| 29.4 


64 
55.8 | 42.2 


5-10 
pla 
67.3 | 112.4] 116.5 


| 


9 


0.068 0.079), 


7} 0.109 


0.132) 0.222 


pees 
0.229 0.175 


63.6 | 48.6 


0. 0.285, 000 0.062 
wit 


om 


0.086! 0.034 


2 Total D- available between times of concentration, in cubic feet. 


Referring to Table 6, the rainfall on the pervious ar area is that falling d directly 
ts upon . plus 90% of that falling on on impervious area andr Tunning on to perv ious 


area. The runoff rate from pervious areas, which varies as M° 0, is different 
for the | different isohyetals (see Table 5 and Fig. 2). A sample computation 


y a the runoff factor for an area in level residence classification, loam soil, ‘on 


-isohyetal 1 1.77, for an hourly rainfall rate of 1.77 X 10-yr factor 0.762 (Fig. 


or 1.35 is as SiRewe: Pervious area rainfall = 


2) 
1.45 (Table 6) X 1.35 = 1.96, 


the c e converted hourly rate; intercept (Fig. 17) (hourly rate 1.35) for impervious 


= 0.97; 


intercept (Fig. 17) (converted hourly rate 1.96) for pees 


Sik) 
60 70 | = | ru 
— é@&@=—=—=—hlm 1.40 | 3.39 | 1.58 | 1.04 | 0.70 | 0.50 | 0.28 | 0.19 | 0.16 | 0.16 | 0.16 - = 
1 Ore oe 1.06 | 2.46 | 2.44 | 1.20 | 0.73 | 0.45 | 0.56 | 0.25 | 0.19 | 0.16 | 0.16 

“Ti 20 100 | 1.44 | 1.83 | 1.83 | 1.25 | 0.77 | 0.36 | 0.28 | 0.22 | 0.19 | 0.16 

or Peak Rounorr Rats at Crock 

= 

— 20 4 ‘ 19.5 103 | 86 

5-10 20.3 | 23.9 66.5 | 42.0 | 30.5 | 25.1 | 17.2] 109] 10.1] 101 
— 10-20 25.4 | 29.2 85.9 | 67.5 | 48.2 | 36.4 | 23.2 | 186 | 154 | 13.5 | 128 

10.7 44| 33| 26) 

— 78.2 26.9 | 215 | 178 | 156) 148 

88m | | 31.3 | 24.8 | 20.6 | 18.2 | 174 

— 
— 

q = 
f 
— 


April, 1943 
area = 1.02; and runoff fac tor 


aX impervious intercept) + (A, X M°- X pervious intercept) A 


Impervious intercept for basic hourly rate 


98 (see Fig. 13 for 40- 2). 


runoff factor to make the results applicable to the basic runoff rates (Table 7). 
Runoff factors for various drainage area classifications are shown in Fig. 13. 


5-Minute Hydrograph 


B curve, Fig. 1) is used as a | in for the 


es 


nN 
ur 


Q 
| 


_ Mass Runoff, in Inch 


< 


Runoff Rate, in Inches per Hour 
Detention, in Inches 


inute f¢ | Hydrograph- 


0 100s 
Elapsed Time, in Minutes 
15. —Basic HyYDROGRAPH FOR IN Conpurr 


A complete set of charts | for the classifications listed i in Table 6 has been filed — 
with the Engineering Societies Library. . The product of the runoff factor for 


a. given area and the basic runoff rate for the time of concentration is the he rate 
of runoff (q-) in 1 cubic feet ; per er second per acre. i Se 


‘The values 1.12 and 2.65 in Fig. 13 indicate the. 50- -yr isohyetal or on n which the 


is located ed (see Fig 


ULICS OF THE ‘SumMING 
‘The y process of summing hydrographs involves a hydrograph at ‘point A on 


% a drain being routed through a reach of conduit to point B where it is: combined 


= a hydrograph from an incoming lateral and flows on 1 to another + junction 


7 

| 

70 80 150160, 

| — 

Mrainage area — 
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e2 
| 


=< 
— — 
"Mass Runoff, in Inches 
~ oO 


8 
me, in Minutes © 


Ti 


— | 


120 


= 


on Design) 


20 Minutes | 


nm 


Runoff in Inches 


(80 Minutes to 1 


— 

— 
“Fre. 16.—Time ELeMENts oF THE HyYDROGRAPH 
— 
it 
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From studies of the | ite hydrographs previously discussed, a a method has | 
‘“ devised for transforn ming the rate hydrograph for the travel through ¢ a 
reach of conduit—first by a reduction of peak rate, and second by adjustment 


of the times of occurrence of various percentages of the new peak rate in the 


front and the back of the hydrograph. : 


Reduction of P Rate.—F¥or this purpose, pere entages of reduet tion on of peak 
tee 


ate per minute of flow computed for various. times of concentration. 


—_——. 


“4 46 Inches per 
Hour Peak Rate 


Mass Runoff, in Inches 


ret 


Elapsed Time, in Minutes 
the: 


18.—CoMPUTATION OF Factors For Conpvit DETENTION 


L base of any time of concentration 35 


drawn: asa ‘mass curve with time of peak 101. 81 min (Fig. 16). 
- 2 The time position of the reduced peak is set to the right of the original 
peak by two thirds the time of flow (for a wave velocity 1.5 times the mean 
-full- flow velocity) or at 103.8 min; the position of 20% peak is at 141.8 min 
or 103.8 min plus the time of drawdown (original t. plus 3 min ty). 


a 3 The volume of available added conduit detention, in inches depth on 


thi d c 
(ty X 60 ) 43.560 A 0. 
= 0. 0724 i in. | This volume, the product of the length of conduit and its cross- 


4 As the eer 2 in the drain i is s ordinarily ‘free flow, the 1e approximate « added - 
‘detention for peak flow is 87.5% of capacity or 0.0634 in., and for 20% peak, | 


26% or 0.0190 in. 


om ‘Using d, = Ook. 4 ~ 38 min, and K for a te of 38 8 min = 106. 9 in 


487 
4 
5 
| 
| 
0.2 
130 140 150 = 160 
In Fig. 18 the time of flow (¢;), in minutes, is based on the mean velocity of . | ae 
min) is — 


oman RUNOFF 


 & The reduction for 31 3 min time of flow is 4.3% or 1.438% per min. B 3ased 


ona series of similar « computations, the values in Table 7, Col. B, v were obtained. 


Travel Velocity of the Flood Wave. —The velocity of travel of the front and 
peak of of a flood 1 wave: is higher than the mean velocity computed for the peak — 
depth v Ww while. the velocity of the recession side recedes to less than the same 


mean velocity. 


Nery | to Balance 
olume of Hydrographs 
tp as per Fig. 16 
for te=te (Initial) +t, 
——(Tentatively Until 


Adjustment is Made 
Volume) 


100 «105 “To 1150120 130 


Time inutes a. A 
Fie. 19. .— TRANSPOSITION ¢ OF A FOR 


7 An eieniaces along these lines by the Los Angeles County Flood Control 


i District was performed i in an open rectangular channel 13,071 ft long between 
‘two reservoirs; the slope varied between 1. 078% and 1. 625%. Four releases 
of water were made, the last being in the form of a flood wave with a peak ¢ of 
1, 400 cu ft ] per sec. ” Gagings were made : at five | stations. In part the conclu- 


- For routing flood hydrographs down channels, a travel ii based 
oe a wave velocity affords a better approximation to true conditions than — 
a travel time based on normal velocities. From the present. test, the 
+. wave velocity ranges between 120% and 150% of the normal — 
te sudden changes of quantity.” 
Me “11, The limitations of the data and conditions of flow must be kept in i” 
mind when applying these conclusions to other sets of conditions. * * * 


_ “Field Test of Discharge from Puddingstone Dam Flow in Diversion 1 Channel, 
Los Angeles County Flood Control Dist. (unpublished). 
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‘if the in 7 are in ms full-\ w wetted. perim- 
eter, mean —— upon which time of flow is based in this paper, they become 


the se selection of 150% of x mean ‘full flow velocity of a 
conduit for the wa ave of ak runoff rate at efficient free flow depth i is 


time movements of all. the graph in. 


Fig. 19 was from of the time relations from rainfall- -runoff 


"Method of —This method is illustrated by an 
ample. _ Two areas A and B have inlets 2 2 min time of flow og Area A has 


700 acres of 50-2 development located on 50-yr isohyetal 2.22, hee 40 min; B 
has 300 acres of 40-2 on is yhyetal 1.77, t. = 25 min. A table filed in the 


Engineering Societies Library is used for hydrographs. 


20. —Transposttion AND Summation oF 
For ‘designing the conduit A to. B, Q (peak runoff rate in oli feet per per 
second) = 700 acres X - (Fig. 13). xi 1.37 (Table 7, , Col. AY X 0.966 (Fig. 


)- 1,668 cu ft per sec. This quantity a , applied to the 40- min basic hydro- 
graph, yields hydrograph Ai in Fig. 20. 
» For plotting hydrograph A: at the end of the reach A-B, tom total reduc- 
tion of peak for conduit detention is 2 2.45% (Table 7, Col. B), and the distribu- 
tion factor becomes 0. 954 because of the added 300 acres at t point B; the al 
rate for hydrograph he = = 97.5 5% X x 1,668 cu ft per sec = 


sec. Curve ve A» is plotted by the method of Fig. 19. 
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dro "area = = 300 1. 32 (Fig. (13) x | 
diam D X 0.954 (Fig. 5) = = 634 cu ft per ‘sec. . The distribution factor is 
based on the combined areas A and B. Curve is the result. 


_ Because 


disturbances of f the correction 80% peak is made with the 
aid of Fig. 16: 


By inspection on of the uncorrected hydrograph at the points of 90% and 
80% peak, select by trial a time position and value of 100% peak. a Reconstruct 
the curve between points of 80% peak, 
Check the revised curve against the original curve for ‘agreement in 
yolume between ‘points ¢ of cor correction. The final value of Q for Boi is 2,150 cu | 


Variation of Time of Concentration.—In summing hydrographs it is found — | 


frequently that the resulting hydrograph has time and peak characteristics — 
- materially different from those of either of thei incoming hydrographs. —> 
ill The problem was analyzed by summing a trunk-line hydrograph (the line 
with the larger time of concentration, t-.) and a lateral hy ydrograph (tes) for ; i 
_ large number of combinations of times of concentration, peak runoff rates, 
and times of flow from the point of concentration on the trunk next preceding 
7 the junction. a. 1 By trial, standard hydrographs were found to fit the summation — 
of the hydrographs and the results were tabulated. From this tabulation the 


chart in in ‘Fig. 14° was in which (below the junction): 


To avoid undue influence of small increments of flow on the sass trunk flow, 


a value of is used when is. less ‘than 0.1. For hes = 
f = 1 when — ? is less than 0.2; for 50 min, f = 1 when 2 ~— is less than 0.1. 


legends 2 10, ete., , on the curves mean a 2- “min time of flow on the trunk 


from the next preceding p of concentration | above the junction, a 10- 
min value of tea — 


a Fig. 14 is weed i in the Peak Rate Method described subsequently and has 
given as wide @ range as med ‘because of the greater speed of 


operation of that method... 


VIII. AND Form OF Runorr ComPuTATION 


Use of the ‘Method of Summing Hydrographs described previously is con- 
fined to cases in which | the Peak Rate | Method i is not applicable. — 7 


Peak Rate Method. —This method is subject to the following g conditions: 
1. When the hourly intensity of rainfall for the selected. frequency i is not 


neha over the entire drainage ¢ area (see Fig. 2%. the hourly intensity for ach 
point of concentration is computed by weighting the — 

drainage area by the effective areas to which they apply. 
When a lateral and a trunk line combine with of co neentration 
and peak rates of runoff falling outside the the limitations imposed b by aii “notes a 
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in the ink, following Eq. 6, the Method ¢ of Summing Hydrographs is und for 
the continuation of the trunk line; the laterals to the continuation of the trunk | 
are designed by the Peak Rate Method. = 

8. The outfall from a retarding reservoir is designed by the Method of a 
ming Hydrographs, after the inflow to the reservoir has been routed through 
by use of the reservoir formula (inflow = outflow plus storage). tee 7 

4, Other limitations be imposed by the of designer. 


‘AN 
22 


60-2 | 60-2 


60-2 


> 


7 100 | 100 


eae 6 and 7 (a table of inlet times'*), ‘and Figs. 2, 5, 13, and 14 are used 


ve A sample com computation for the drainage area in in Fig. 21 is ; shown in Table 11, 
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D STREET ev STORM Drain (10- Yr DeEsIGNn Curve) 


Amended a Frictio 
1-hr rain- =Q | slope, 


as | 


(15) (16) 


Fac- 
AC Nr} size tor 


(in.) 


a7 | as) 


Station 


id 
19 (20 21 23 


q 


0.81 


A St. & 3d St. ; 


Main St. & A St. { 


Main St. & B St.| 


Be 


Main St. & C St. 


& 8 


rs 


Main St. & D St. 

D St. & Key St. | 16 


D St. & N/S| 22 


St. 


| 
ition locations IN 
| 
| | Els 
32 ASt.&2d8t. | 4 
00 1.01 69.4 | 0.01 604 36 | 650 | 9.5] 25+80— 
1.00 4 101 | 71.3 | 0.01 36 320 | 19430 
101 79.7 | 0.01 797 | 39 | 285 |101| 9.9 (16+10 | 
1.00 101 123.0 | 0.01 | 1,230] 45 | 325 | 11.1] 10.2 13425 
10 {| 0.01 | 187| 24 | 340 | 71 9+80 |DSt.&sdst. [1s 
100 (28.5 | 0.01. 285 | 27 570 | 7.8 6+40° DSt.&2dSt. | 20 
1.00 0.01 | 30 | 7 | 84| 9.0 | 07 


. List the areas at their respective concentration 
2. Subclassify the areas (Table 6 and Cols. 4 to 11, Table 11). A 
3. Select the 1-hr 1-hr rainfall rate from Fig. | 2, with respect to the » isohyetal 
a, and frequency (isohyetal 1.33 x 10- -yr frequency factor 0.762 = 1. 01, 
_ 4, When the gross drainage area exceeds 100 « acres, s, adjust t the 1-hr rate by 
the distribution fe factor (Fig. 5 and Cols. 13 and 14). | ee ee 
—=é Determine the runoff factors from Fig. 13 in relation to the adjusted | 
= _ 1-hr rainfall rate and apply them to the base runoff rate for the time 
i of concentration in Table ‘ 7 to derive runoff rate per acre > (dei in Col. 1. 3). 
6. Follow through with the routine tabling ‘computations. 


ie a. lateral i is added, the time of concentration i is adjusted in accord- 


4 


os 


om 


4 
-CoMPARISON OF or CompuTED RUNOFF WITH orp RuNoFF 


| ‘The methods of computation | outlined herein are based on rather complete 


— 


Ps 
to 


but have not been analyzed. runoff factors (Fro) have 
been determined for the rainfall data of both local and outside records, bot! : 

‘a the intense storm producing the runoff and of the antecedent precipitation, 

and | these 1 runoff factors have been applied t¢ to the basic runoff tates | of Table 7 7: 


TR 


_ ‘Ther runoff factor is based on surveyed percentages ¢ of the specific drainage 
area, namely da and series of curves is necessary to reflect the 


- of runoff factors for Eastern Avenue (Station 3) i is shown in n Fig. 22, 


12.—Comparison oF ComputTep AND AcTuAL VALUES OF 


Standart 


Time of | Rain- 
Hour age of shape 


runoff factor actor 


5/35 
9 “04 p.m. 
7:36 p.m. 
12:27 p.m. 
7:08 a.m. 


= 


oF retors F end Fee are probab! abo erage fer ane area. 


_ e at of ounautidions for Station 3 is shown in Table 12, in which F, = the = 
- standard rainstorm shape factor, which is the shape factor, F, for a standard ~ 


ieee storm aed a rainfall rate equal to that of the record storm for the 
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4 1 | 
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— 
{ © 
6 2/28/38 11:30 p.m. | 56.0 33.3 0.497 0.049" 1 
2788 | 8:32 70.0 30.8 9.600 | 0.720 
3/2/88 | 9:30am. | 690 | 37.5 3 0416 | 048 
3/2/88 | 3:54pm. | 73.0 0.430 0415 f 
— 10 12/18/38 | 743pm. | .... 32.4 0.400. 0.429 
1/5/39 | 12:12 p.m. 30.9 0.403. 0.486 
1/7/40 | 7:58pm. 7 30.2] 0.440 0.422 
— 28 | 3:15 am. = 0.405 | 0.485 x 
81/40 4:47 p.m. 33. 0.353 (0.357 
| it yor | 
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time of concentration; F, 
‘may be obtained by dividing the — 
-Tecord intensity of rainfall (1) for this is 


= 070 
hourly rate of on the stand- 
4 ard shaped rainfall curve correspond- 
_ ing to the rate for the specific time of 
concentration used, 1.01 (F, X 
modified ‘by the shape f factor F, or 1.01 
(FXF, 05, The other headings have 
been defined or are self-explanatory. 


The physical characteristics Ske 
local urban areas, Stations 3, 4, 10, 


and 11, are listed in Table a; for HAGE 


“Blocks A, B, and C, St. Louis, Mo., 
as reported by W. W. Horner, . |_| - 


: 

= 


Went 


w 


Am. Soe. C. E., and F. L. Flynt, 

oo. M. Am. Soc. C. E., in Table 

Record data, computations, and 
derived values of runoff, - except for 


tables filed in the Engineering | Soci- 
IG. —IKUNOFF FACTORS, STATION 
Mra, 22. R F S 3 


Record | values of peak runoff rate for ina 3 and 4 and for Blocks | A 


rate = } 
in. per hr in in. per hr 


wo 


One automatic rain gage only. 7 


2. The hydrographs of the other areas were too irregular to justify this 


, tin. In addition, the area for Station 4 has an inadequate lateral system 


12“Relation Between ane Run-Off from Small Urban Areas,” by W. W. Horner and F, 
‘Flynt, Transactions, Am. Soc. » Vol. 101 (1936), p. 140, 
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which causes overflow into street channels leading to the . gaging tm at 


about 0. 45 in. per hr runoff rate, and c causes overflow into another drainage 


area at about 0.60 in. per hr; this condition ‘distorts | computed corrections. of 


eak runoff 


‘Station | Channel 


Belt and Ridge 2.3 to 1923 Clay” 0 | 34.0¢ 
Avenues 2.2 after 49.0 | 38.0¢ | 51. 
City block “300 21.84 


Ewing and Wash- ¢ | ow i 72.0 60.0¢ | 28, Gutter, pipe, egg 


ington 


the points within the of 20% The mean 


- the points indicates _ the computed values are a little below actual, espe- 
cially v when the correctio n for ‘pr eceding storm is 


clall he cor 
Coxcutstons 


“iia & The peak runoff rate for a given storm pattern is proportional to the 


volume of f runoff F resulting from the i intense peetnn of the storm . The vo volume 


a For ' pervious areas, by i infiltration tests on small soil plots and by 


~ analyses of rainfall-runoff records from partly or | or fully pervious dra ain- 


(6) For i impervious areas, by similar tests on impervious areas. 


2. Rainfall- runoff records in which | the high intensities of rainfall occur — 


or near the end of storm disclose 


and of the runoff that will occur under 
conditions of drainage area and rainfall. 
a _ When the method of computation derived from the delayed pattern storms 
7 is applied to the peak runoff rates for advance pattern storms, the approximate - 
y agreement obtained indicates that the same phenomena are present but. are: 
obscured by the runoff resulting from rainfall oceurring after the peak of runoff. ‘ 
= The runoff hydrograph is the “result of the travel and confluence of 
hydrogr aphs: from small units of area. As long as s the urban drainage area is 
- homogeneous in development and conforms to the topography of the natural 


‘drainage: valley or swale, the ‘hhydrograph has a characteristic of 


= 


— 
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‘TABLE 13.—Cuaracteristics or URBAN Drainace Areas, St. Louis, Mo. 
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a point of confluence, the a ae has an irregular shape and a 
peak intensity unpredictable by. computation the sine 


@ hy from each of the dissimilar areas. 
7 . Further accumulation of data | is needed , emphasizing r unoff records ‘: 


all stages of. “flow, accurate time correlation between rainfall and 
4 runoff, and experimentation « on the storm flood wave eQ 


lh For urban areas, in both Los Angeles. and St. Louis, a comparison of 


actual runoff rates with those computed by this method from rainfall records 
(Fig. 12) shows most of the points falling within a 20% tolerance; agreement of — 
- points within the design range (above 1 cu ft per sec per acre) is more nearly 


‘ment of Public W the direction ‘of L. W. 
M. Am. Soc. C. E., principal civil engineer. = Lloyd Aldrich, M. Am. Soc. C.E., : 
is city « engineer, ol Merrill Butler, M. Am. Soc. C. E., i is assistant city engi- 
 neer (design). : Prior to 1932, the work was supervised by F. L. Boyle, assistant 
civil engineer, and G. S. Tapley, Assoc. M. Am. Soe. C. E., civil engineering 
_ associate. At that time, the writer undertook the work, with Hi. W. Fraim, 
civil engineer, Ww ‘supervised: field and laboratory activities. Analyses and 


ing ade. meen of automatic recording instruments was by F 


Doran and A. A. W eston, “civil en: engineering associates. — 


of organization was very in the many ases 


"problem. 


other: records them independently. 
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Los Angeles County Flood Control District made its voluminous: 
CE, 
ofthe 
the Engineering Bureau of the City of 
4 sity and by making available 
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AMERICAN SOCIETY OF F CIVIL ENGINEERS 


Founded November 1852 


REPORTS | 


HIGHWAY ENGINEERING EDUCATION 
PROGRESS REPORT OF THE COMMITTEE 


of 


THE 
HIGHWAY DIVISION 


- 


_ ‘The Committee on Highway Engineering Education was formed at the 
nation of the Executive Committee of the Highway Division to investigate — 


the general status and the adequacy of instruction in highway engineering 


- in the colleges or universities of the United States, with a view to recommenda- 


tions 8 for expansion or improvement, if found necessary or desirable. ~ ae 


ROCEDURE 


‘As originally organized, this Committee comprised a a Tepresentative from. 
each Zone of the Society, with a Chairman and Vice-Chairman. | After a 
discussion, a questionnaire was drawn u up for distribution to engi- 

eering schools to elicit the desired information. . Three of the Zone members — 


= an identical questionnaire, and the fourth drew up one differing in form. 
but agreeing in substance. _ Committee members were authorized to use their — 
discretion i in the distribution of these i inquiries, , with the result that i in three 
Zones a representative list of institutions was selected by the respective m mem- 
bers. In the fourth, the coverage of recognized engineering schools was nearly, 7 
‘ifr not. quite, >, complete. Detailed replies were received from a total of sixty-one 
institutions in continental United ‘States, one from Canada, and one from — 


Hawaii. The form. of questionnaire used in three Zones ° was as follows: —_ 
“The Highway Division of the American Society of Civil Engineers, 
‘healag formed a Special Committee to study the present status of Highway 
Engineering education, requests your cooperation in furnishing information 
concerning the scope of instruction in this branch of engineering in your © 
institution; together with such additional information or expression of your 
views concerning instruction in this field as may assist the Committee in 


reaching its final conclusions. Bulletins descriptive of highway courses - 
are also requested. 
(1) Is Highway Engineering instruction given:— a 
(a) As a requisite in conjunction with general Civil E il Engineering 
nstruction? 
As an elective under Civil Engineering? 
_ (c) As a separate course anaes to a degree i in Highway Engineer- 


Nore .—Please forward all comments on this Report directly to Chairman Julius Adler, 2001 Architects 


Bis, "17th and Sansom Sts., Philadelphia I Pa. Progress Reports are published in Proceedings only. 
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HIGHWAY EDUCATION “Reports 


(2) Ww hat courses of study (including credit hours per week and num-— 

ber of semesters) are offered or required under the edel 
4 head of Highway Engineering as distinguished from | general 


(4) If not offered as a separate course, does instruction in design of 
structures include special reference to highway "bridges: and 
‘drainage structures? | (if so, give nature and extent. = 
5) If not offered separately, is instruction in the economics of highway ~ 
aie, improvement given in conjunction with some other subject? — 
(If so, give nature and extent.) 


ar use f for 


Nonbituminous materials, such as” ‘soils, stone (for quality), 

_ Portland cement, fine and coarse aggregates for concrete 

vitrified brick? “(Please indicate materials on which test 

Are current specifications for construction used or re- 

ferred to in connection with instruction in this subject? 

(8) If not offered separately, is instruction in traffic engineering given - 
ae in conjunction with some other subject? — (Please indicate | the 
nature and scope of instruction in traffic engineering. pa 
(9) Is either (a) collateral reading or (b) visits to material plants or 


construction projects included i in required work? 


—-** of college instr uction in the general field of cel 


Where details of courses of instruction [see Item 2] are readily ot obtained 
from printed bulletins s accompanying your reply, reference may be made to 


The fir fir rst question i in the i inquiry | was ; intended to determine the the status of 


highway engineering instruction in a very general way. In the sixty-three 
‘ ethes from which replies were received, some highway engineering instruction 
is given as a requisite under the civil engineering course, but the amount and 


scope of such required instruction widely. At least twenty of these insti- 


reported a course leading toa degree ee in highway en engineering. The University 


a of Michigan, at Ann Arbor, offers a course in —- engineering on ' 


is considerable variation in ‘Gm 


between the Mountains and the Pacific are 
fairly broad required instruction or electives in highway engineering. Ih 
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duate curricula in highway 
the West and Southwest, College (Corvallis), University of 
a ineering are offered by Oregon State | ustin). A number of other — 
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schools along” the eastern ‘seaboard, in general, the amount of instruction in 
highway engineering is appreciably | less than that in institutions in other parts 
of the United States. Of those reporting in this ‘area, only two colleges offer 
elective courses in the highway field in the senior year to supplement the | Te- 


The second question in the questionnaire form asked for an enumeration of 

- specific courses (and credit hours) which fall in the special classificati tion of 
highway engineering as distinguished from civil | engineering in general. 
previously | stated, considerable variation was found in the amount of f required 
highway instruction. In the reporting group ¢ yas a whole, the total of specialized 
highway courses” for all civil engineering students (with a single 
exception) varied from a minimum of two hours for one semester to a maximum 
= ten semester credit hours. 7 These figures do not include elective courses or 


- tequired courses, such as route s sur veying, V which may be partly devoted to the 


_ Subsequent: questions in the inquiry were designed to elicit more detailed 


information concerning. the scope and character of instruction, the available 
equipment, and the field and laboratory work pertaining to the principal 


phases of highw ay engineering. The 1 purpose of these nee and the status 


Because of the tremendous mileage of public roads in the United States, 
route surveying courses should differentiate between the principles and prob- 

lems of highway location as distinguished from railroad location. | Nearly all 
schools indicated their aw arenes of t! this as evidenced by the character of their 


field and classroom work in surveying courses. 


DESIGN OF 


 Cbviansly the number of instances of required construction or reconstruc- 


‘tion of highway bridges (ranging from v very large to quite small) far exceeds’ 

that of railroad bridges . Hence, a proper proport tion of the time allotted to 

bridge design should be devoted to highway bridges, as - compared to the former a 
- nearly standard practice of dealing only with railroad loadings in design ¢ courses. — 


| Among the reporting schools, , only one specifically e excluded highwa: jay structures 


n design courses and one other failed to answer the question clear! rly. All 

others recognized the importance of | highway structures in both steel 


The oul olin of highwa: ay economics is : involved i in, and should furnish the 
“answer to, problems of alinement, gradient, width of right of way, and char- 7 
acter and width of surface improvement. Ay w ide variety of traffic, “climatic, 
=e. and soil conditions must be dealt with, and the proper indies 
of the surfacing material from those available v w economic limits 


is in itself no mean problem. oan 
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Reports 


— 


“an treatment of this phase of highway engineering a the two pi pre- 
viously enumerated. JA few engineering Schools: have a required course in 


degree of either i ina course in n highway engineering or 

in engineering economics. Many, however, do not indicate bead real coverage 

this important subject. 


Highway: materials a wide variety, all subject: to technical | specifica 
tion or test, some of which are of equal importance i in other types s of € engineering 
_ structures. _ Among the more important | are soils; ; stone, gravel, or slag as 


road metals; aggregates for use in concrete; highway concrete mixes (as dis- 
tinguished from structural concrete mixes) ; asphalts, tars, and mixtures of wil - 
materials with mineral aggregates; and vitrified brick, granite block, etc. 

surprisingly high percentage of schools indicated the of 


testing equipment for both nonbituminous and bituminous materials (more 
_ frequently the former) either as part of their o own equipment, o or ownership with, 
_ or access to, the laboratories of state highway departments. . Detailed informa- 
: 
tion concerning the actual amount of instruction i in, and performance c of, these 
_ tests: was not furnished i in many cases, but, in a few, it was stated that student — 
; experience was limited to observation of demonstration tests, particularly of 
bituminous materials. Many replies indicated an active interest in soils tests, 
“ond an increase in testing equipment for this purpose. — Although a few schools 
“offered separate required courses in testing highway materials and others. i. 
“tive fe courses, under the more common arrangement, this subject: was included 
as part of the general course in testing engineering materials. 
_ Because of the ‘specialized nature of this work, the wide variety of available — 


au and the time required for laboratory testing, it would be e unwise to 


devoted to laboratory testing of More 
condi would be obtained from increased time used in the study of the general — 
properties of these materials and the ‘significance of the tests than 


from additional time spent i in laboratory practice. 
CURRENT ‘Practice AND PROGRESS IN 


Under this general heading, two questions ‘classroom use of 
current standard specifications for highway -construction—requirement 
collateral reading, a and ind inspection tt trips" to construction and material 


=a Nearly all schools reported that they referred to, or made use of, 7 
‘Standard specifications for highway materials and highway construction, and © 
approximately + as many , reported ‘collateral reading and inspection trips as 


(generally with written ‘Teports) Ay very ft their belief 


502 | 

— 
pray _- highway economics for all civil engineering students and others offer it as an 

— 
— 

— | 

 _ | 

| 
x 
a 

— 
— 

— 


= 
‘HIGHWAY EDUCATION 


- Over a a period of years, increasing volumes of traffic in metropolitan areas 


wa on main highways outside of cities and towns have served to direct at- 
_ tention to the necessity for developing scientific methods of regulating traffic 
flow. _ There is a growing recognition of the status of traffic regulation planning ~ : 
as a an | engineering problem rather than as a mere policing function. — Even 
though, in many cases, highway engineers ‘may not have jurisdiction over _ 
traffic regulation agencies, it is still a fact that competent: highway design must _ 
‘include a knowledge of the principles of traffic regulation and must make su suit- ; 
In view of the relative newness of this field of work, it is probably not 7 
7 surprising that about one half of the reporting schools stated that no instruc-— 
tion, or only passing reference, was given in traffic phases of highway engineer-_ - 
ing. In a number of other instances, the amount of instruction was limited 
- to. a very few periods i included i in one of the more general courses. _ More com- 
prehensive instruction in traffic en engineering was reported by not more than 


8 six schools, generally as a senior elective, and as graduate work in two cases. — 


SUGGESTIONS FoR CHANGES ¢ OR IMPROVEMENTS IN HIGHWAY Instruction” 


~The final question in the questionnaire was directed at o obtaining construc- 
- tive recommendations from heads of departments or men engaged in in highway _ 
7 engineering instruction. he Many replies were received, covering a wide field yo 


hence only w repeated several times will be mentioned i detail. 


4 (a) The number of schools from which h the opinion was expressed that 


‘ing wa was s slightly ‘exceeded by the number | expressing the a that sound engi- 
‘neering courses must. concentrate | on fundamentals and that they can pe a 
but little time to specialties (in which class they placed d highway engineering). , 
OA related viewpoint was that educational expansion : should not go beyond the 

— need for, or possibility of, absorption of students in a given field of work. 


Hence, although not recommending a reduction i in their present (usually mini- 

_ mum) number of hours of instruction, these schools were opposed to any ex- 

pansion. o of the latter group are situated in the eastern tern part of the 


United States, with very few it in the central 0 or western parts. 


engineering: instruction criticize ze a tendency (presumably in textbooks) 
to concentrate more upon how things a are done than: why they are doneina 


rae (c) Several comments indicated the lack of suitable texts on “some ¢ of the 


: more specialized f phases of the highway field, whereas 0 others indicated a a weak- 


with the result that some important branches are not treated | adequately. 


~ When more than one textbook is used, care must be taken to avoid the » possi- 
bility of of undesirable repetition. 
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HIGHWAY EDUCATION 
; (d) Many school administrators stress the i impor tance of keeping abreast 
of current research and developments in the highway field—by maintaining an 
: active contact with a state highw ay or other public engineering organization; 
. by reference to current proceedings of technical organizations concerned with 
_ highwa ays; and by occasional lectures by practicing engineers and good films: 
"dealing v with the more important branches of highw ay ‘construction. =” 
() Student interest in highway engineering was reported generally as as good. od. 


In practically all coe le it appeared to be | lacking, the explanation was 
offered that an undue amount ¢ of political influence was affecting appointments | 


and retar ‘ding adv rancement in this field of work, thus discouraging students 
from choosing elective highway courses. From a geographic standpoint, 
comments of this kind originated from an extensive area, indicating the exist- 
— 


ence of such situations in widely scattered states. 


—— ae The Committee i is is disposed to avoid as completely as possible a controversial 


in its review of the information placed before it. it is in complete 
sympathy \ with the view point that engineering students must be graduated © 
‘with a sound and thor ough training in the basic fundamentals of e engineering 
knowledge so that they may have a satisfactory foundation for eaiiata and 


done in 1 the United Staten, is far exhausted. many years 
there was substantial concentration the task of f improving arterial high- 


of suitable i improvement of of secondary and less : important I highw ways (in a manner 
in keeping with their ec economic value) has been under taken 1 more recently, and 
much less complete. In the meantime ‘the ‘enormous grow th in interurban 
. fi traffic is is Tesulting 1 aha increasing « demand for the reconstruction Of s some of the 
older main highways, if not in all cases as  superhighways—at least to a design 
‘that outmodes the standards adopted for principal highway construction in the 
active construction period which follow ed the first W orld Wi ar. ee op 
Iti is evident that time devoted to highway ¢ engineering in n college curricula — 
is ‘influenced by conditions pertaining ti to the geographic location of the e school. 7 
In New England and the Middle Atlantic States, where modern highway con- 
__ struetion began at an earlier date than elsewhere, and where main highw ays 


ie _ have more nearly r reached a state of general improvement, it interest in highway 


~ engineering instruction, on the aver: age, is s at a lower ebb. 7 In g some localities 
widely distributed, it ‘appears that political “influence | over highway 


engineering is producing a similar result. 


al With all of the foregoing considerations in in mind, the Committee has reached 


-” (1) ) Highway ei engineering i is no more a a specialty than sanitary ’ engineering, 
railway engineering, or structural ¢ engineering . Its principles and practices: 
find widespread in both public and work. a required 
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HIGHWAY GHWAY EDUCATION 


7 “cover more fundamentals of this branch of w ork. 
Q) Required highway instruction in civil engineering courses could be 
fe conservatively at four semester credit hours (or the equivalent) equally. 
divided between: (a) Highway construction; and (b) highway design, economics, 
administration. Regular courses in engineering materials should include 
the equivalent of one semester credit hour of laboratory and classroom work 
devoted to materials (including soils) w hich are used in highw ay W ork. In- 
struction in the. design of concrete mixtures should distinguish between eal 
(3) Apparently, highws ay surveying and location, and highway 
structures (with occasional exceptions), are receiving adequate instruction. 
In localities where conditions are favorable for the absorption of engi- 
neering gradu 1ates into the highway field’ on a reasonably attractive basis, 
supplemental instruction should be offered either through senior options or 
electives, or less frequently through graduate | courses. 7 No attempt. will be 
‘made to define this supplemental work. The minimum instruction time pre- 
viously: recommended is insufficient detailed instruction in the subjects 
named and might not include reference to traffic engineering or highway trans- 
port. A number of local conditions may have a justified bearing upon the 
scope of such supplemental or advanced instruction. 
Instruction in highway engineering is as susceptible to a scientific 
-approac h as any other e1 engineering branch that is not entirely mathematical. 
The properties of materials must be ‘known n and understood, but instruction | in 
-methods of design ‘and construction should not be limited to a dry statement of 
facts. The method of approach should be based upon the reasons for the > 


“procedures adopted. Matter- of-fact t specifications can be made— interesting 
if the reasons for successive steps a are and and, 


-“Recessary "duplication of by a considerable number ¢ of schools, but 

does believe that, if this matter were taken under consideration by the r proper 
: society or other organization, eventually there could be a proper geographical | 

distribution of advanced courses in the general highws ay ; field in localities where 


the demand existed and conditions were favorable. 


4 


Respecttully 


T. WARREN ALLEN, ‘Vice-Chairman 
Junius ADLER, Zone II, Chairman 
Com mittee on ay Engineering Education 
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DISCUSSIONS 


— 
BY GARR RELTS, Assoc. _M. Am. Soc. C. EL 


J. M. Assoc. Soc. C. —The relative e economy y of 
Professor Abbett. Professor Abbett made several. economic. 
‘studies of this kind in connection with this project and thus writes from 
experience. _ His discussion also emphasizes the attention | given to the problem | 


of appearance in the St. Georges design. 
3 Mr. Karol has shown the close approximation of the value of H used i in the — 


preliminary design to the value resulting from the final computations. The 
difference is almost entirely accounted for by the effect of rib shortening and 
the extension of the tie girder. _ The values of H, obtained by a formula similar 
7 to Eq. 17 but with the last two terms of the denominator r eliminated, or 


a 


are as follows: 
Values 


-_ Norgz.—This paper by J. M. Garrelts, Assoc. M. Am. Soc. C. E., was published in December, 1941, 
Proceedings. Discussion on this paper has appeared in Proceedings, as follows: February, 1942, by R. W. 
_ Abbett, M. Am. Soc. C. E.; April, — by Jacob Karol, ae May, 1942, by Alexander Dodge, Esq.; June, 
— :1942, by Carlos A. Bejarano, Jun. Am. Soc. C. E.; ; Septe: er, — by Messrs. A. A. Eremin, and A. M. 
- Freudenthal; _Outeber, 1942, by C. H. Gronquist, Assoc. M. Am. Soc. C. E.; and November, 1942, by Harold 
15 Associate Prof., Civ. Columbia Univ., ‘Designing Engr., Waddell & Hardesty, New 
16a Received by the Secretary February 23, 1943. ae 
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Discussions 


The procedure, suggested by Mr. Karol, for proportioning the total noma 7 ‘ 

etween the arc 1 rib and girder will be an aid in calculating 1e approximate 

- betw the h rib d gird ill be 1j lculating the app t 

ors and in determining approximate sections that can be used as the basis 


forthe final analysis, 
Mr. Dodge first questions the procedure of neglecting the bending resistance © 
of the « arch ‘Tibi in the preliminary design, although he offers no suggestion as 
to how the first or preliminary stresses can be ‘computed. designing any 
statically indeterminate structure, the designer either can make guess as to 
the sections, can obtain them by comparison with a similar s structure, or ee | 
apply an approximate stress analysis from which trial sections can be obtained 
‘Then, a more accurate analysis is made : and the sections are rev sed as necessary. : 
This latter procedure was used in the design of the St. Georges bridge. - The 
bending resistance of the « arch rib later was included in the analysis, as explained — 


in connection with 10 17. 


ran originally 


"straight bea beam, Ww when th the correct equation 


yo 


(44) 


ype 


‘Using the reference cited values are found,!* which result in 

a Mr. Dodge states that ‘‘A small initial curvature makes a great change in 

‘the effect of longitudinal forces on the deflection of the arch rib.” The fact is 

that the « change i in curvature is ; essentially a a function of the bending m moment. 

On the assumption of a parabolic rib and only five hangers, 
attempts to compute the forces in the structure. In the St. Georges bridge 

there are . fourteen hangers and the rib is polygonal, being straight between 

hanger connections, as shown in Fig. 6. He contends that the writer’s values 
for are too high. following values were determined from the model 

_ analysis made at Princeton University at Princeton, N. J., under the direction 
of Prof. E. K. Timby, Assoc. M. Am. Soc. C. E— 


- Measurement of H ata point in member: oa 


values, , Which are in agreement with the ‘used, ¢ 
= more — correct than those computed by Mr. ro using the 
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1943 GARRELTS ON TIED ARCH SPAN 


not exist, if the \ Ww Titer’ a H are e accepted as as 
- ea summarize: Mr. Dodge’s conclusions (1) and (2) are the result eh 
- misconception of the writer’s procedure in applying the theory used in the paper. 
i. his conclusions (3) and (4) appear to be based on a mistaken 


of the writer's statement tha great 1 in- 


a “sized” means ‘nothing more than that the the correct bending m moment must tt 
taken into account. | sdf the deformations due to direct stresses are e neglected, 
the deflection of an | arch rib is almost entirely due to bending moment, and 
the analysis used by | the writer certainly gives full attention to the moment. 
‘Study of the writer’s , development will show that there is no assumption that 
involves a horizontal displacement of the ends of the arch rib with respect to 

Mr. Bejarano h has kindly evaluated certain terms of Eq. 12 w hich | the writ riter 
neglected | later formulas. rom his result, the procedure seems to be 
justified. - Although the effects o of rib shortening and tie extension are small, 
they sh should probably be considered because a small change in A affects the 
moment by an amount equal to the char ange in H times y-y’. 
_ ‘The procedure of calculating the structure by eeudeeniog the tie to pro- 
duce a rib with a transformed moment of inertia I’ tr also has been dis discussed by 
Mr. . Bejarano. He shows that the. ‘general results by the two analyses would be 
almost the same but that in the details there are certain differences which | 
indicate an adv antage in assuming that action which is more nearly in accord 
_ According to Mr. Eremin, the procedures used by the writer are not 
adequate for the design of the end connections of the arch rib to the girder. 
; In the first place, the hanger U, L; has practically no change in length so that 
in triangle Uili Lo angle Ui Lo 1, is changed « only by the moment at Ui and 
: the ‘moment at ay - Since these two ‘moments will have the same sense, that i is, 
positive or negative, and both will be small, any resulting moment at Lo also_ 


The writer does not agree with | Mr. Eremin’s statement regarding the 
assumption of of constant stiffening girder section in ‘Eq. the sum- 


Actually fifteen sections, 


ech one one pane! i in were analysis. 
The design of the lateral system was made in a manner similar to that used 


for the lateral system of a curved-chord through-truss bridge. In the arch-rib 
lateral syste the arch rib forms } the chords, and d the laterals and struts, the 


web system with a portal extending from Uz to Lo. The top laterals and strats 


are determined in most cases on the basis of minimum f rather than by —_ 
The writer is to Mr. for ate discussion of the general 
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as. an 1 inverted, -self-anchored St. Georges Mr. has pointed 
out this ‘analogy. He has also called attention to the a action of these two self-_ 
tied structures as contrasted with those externally anchored. 7 In addition, 
Mr. Gronquist has discussed the use of the tied arch with a continuous girder 
and has outlined the procedure to be used in solving this type. of structure. — 
“a The writer considered the development of Eq. 17 to be the same as that for 

_ Eq. 4, and Chesstove did not repeat it. The only difference in the two cases is 

that, in Eq. 17, the tie girder is considered as a transformed section w hich 
_ includes the bending resistance of the arch rib. Actually, in the assumed 
"singly indeterminate structure, the statically substitute structure 

Mr. ‘Langley’ s statement regarding theory 
already seems to have been answered by Mr. Freudenthal and Mr. Gronquist. 

In this self-tied structure, the deflection theory agrees with the analysis given 

because the arch rib and tie girder deflect the same amount. Hera - 

buckling resistance of f the arch Tib was considered and was found to be 

ample; : and, although the hangers a are connected to the arch rib by rigid con- 

: nections, ' the bending moment transmitted by the hangers is very small because 


the hangers a are e quite flexible. 


In conelusion, the writer wishes to. express his thanks to those who have 
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RELATIVE ANGULAR L INEAR, AND 


TRAVERSE -ACCURACIES IN 
| CITY § SURVEYS 


8 


Y BRUER, Assoc. M. AM. S00. E. E 


BavER, Assoc. M. Am. Soc. E."*—The writer is “indebted to 


Calo Coe; Professors Earnest, Kissam, ,and Rayner; and Messrs. Whitmore, - 
‘Miner, and Byrd for their kind discussions of this paper. The discussions shave ; 
been helpf ul in suggesting new approaches to this study of traverse accuracies. 
Professor Rayner is correct that Eq. 5 (which attempts to view the over-— 
‘all picture) tends to “oversimplify the problem in relation to the individual 
traverse. _ Curves 4, 5, and 8, Fig. 5, offer a truer picture | of the problem as 
applied to the individual traverse than that previously presented in Fig. 4, 
since the conditions within a specific traverse are more nearly met by curve 5 
than 1 by « curve 2 6. In! Fig. 5, , curve 9 represents the the value of the square 1 root of 
the sum of the : squares of the linear and angular « errors (reduced to the common a 
nit of one part in z thousands) at the various frequencies. In the normal 
4 "ranges s of accuracy, there is a marked agreement between calculated curve 9 and : 
traverse curve 8. would seem to indicate a compensating effect of the 


“linear and angular errors within a traverse. 


a However, the linear errors referred to are the probable errors in the mea- 
surement of single lines, and the angular errors similarly are the probable. errors 
in the « observation of. single angles. 7 Curve 9 then might be the probability | 
cu curve of of accuracy f for the setting of ¢ a . single point by angle e and distance as well 
as the curve for traverse : accuracy. If so, then the number of sides, at and there- 
“fo fore the length of a traverse, plays no ) part in the accuracy of closure. oe i 
»s This contradicts much that has been written, and it is particularly contra- 
_ dictory to Professor Rayner’s 1928 study of the problem,® wherein the societal 
of traverse closure is given as a function of the length of traverse. 


Dis Norr.—This paper by S. A. Bauer, Assoc. M. Am. Soc. C. E., was published in May, 1942, Proceedings. 
ch 


Discussion on this pepe as appeared in Proceedings, as follows: October, 1942, by Messrs. Cleveland B. 
Coe, W. H. Rayner, Philip Kissam, and George D. Cc. W.O. Byrd; and 
by G. Brooks Earnest, M. Am. Soc. C. BE. 


12 (Bauer Surveys Co.), Cleveland, Ohio. 
122 Received by the Secretary February 25, 1943. 
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‘The writer finds no lint of of traverse accuracy to length of traverse 


oa ‘tie point, further investigation | has proceeded as follows: Seven cases of 
x connecting traverse loops” with the same general conditions| 
were studied; in ‘none of the | 

seven cases was the over-all 

or outside loope closure better 7 

than the best smaller inside 

| closures of which it 

consisted ; in three cases, the 

outside loop closure w as” 

equal or inferior to the poor- 

est inside loop closure; in 

seven cases, the outside loop 

closure was better than cer- 

tain individual loops within 

itself; and, in eleven cases, 

the outside loop closure was 

inferior to certain individual 


within 


seaury ( 


more interlocking traverses, 
having the “same general 
topographic conditions but 
without an over-all -— 
closure, were examined. In 
two the longest loop 
its group had the best closure 
of the group; four cases oc- 
curred in which the longest: 
loop ofa group had the agi 
est closure of the group; 
eight cases, the longest en 
a better closure than 
"some of the smaller loops 
within its group; and, in five 
eases, the longest loop of 
group had poorer ‘closures 
60 80 than others within the g group. 


Frequency of of Error (Percentages) 


‘Fie. ERSE AND ACCURACIES 


XPRESSED AS ONE Parr z THousaNps) thirteen g groups of traverses 
(each: traverse being com- 


parable to the others within its group as to terrain, , side length, ete.) indi- 
— eates no relationship between traverse closure and traverse length. . This study 
would seem to the compensation errors does 1 not extend 


that the ent of the traverse side, rather than the teneenee length, affects the 
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April, 1943 ON § SURVEYING ACCURACTES 


closure, that the compensation 0 1 of errors occurs within a single s 


at traverse the side ¢ error becomes systematic. - 


and “These “findings be attribated to 
in this paper, since the 
limit of accuracy of the 
: instrumentation may hi have 
“been reached at approxi- 
mately the length of a mean 
line and that | additional 
length mz ay not add to : ac, 


curacy any more than un- 
limited reobservation of 
measurement will i increase 
the accurac acy of the e mea- 
‘surement indefinitely. (It 
will increase only the ac- 
euracy of the value of the 
Expressed differently, 7 
the hypothesis is offered 
within. 
errors” combine as com- 
pensating « errors to a point 
(probably determined by 
the instrumentation and 
procedure) and then be- 
come fixed as a systematic 
error, increasing with the 
length of the traverse, and 
thereby establishing an ac- 
curacy, , expressed i in terms © 
ofe error per traverse length, ba 


| 


Probable Error of Series © 
Mean Error of Series (Approx.) 


‘compensation e¢ cones. 


7 Kissam, and Rayner i 


various manners raise the 20 40 6 80 


Fie. 6.—PROBABILITY CuRVES (EXPRESSED as ONE 
een ‘ion closures, x: : Part THousaNps) 


Which close ‘upon them- 
selves, and position closures between fod stations previously established by 


- ‘Although this paper is is primarily concerned with actual : accuracies that have 7 


btained i in the regular business of a practicing surveyor in a territory a as” - 
| by a precise control, it ‘should not be improper (beyond the 
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ON SURVEYING Discussions 
‘bounds of possibility) to —_— the same » reasoning into channels indicated by 
‘the facts disclosed 
Therefore, if (as seems to be the case) traverse closures are in — equal 
om value to the square root. of the summation of the squares of the mean linear — 
and angular errors of the instrumentation and procedure used, the relative 


loop closure and closure should be indicated by the use of 


in, a calculated 1 mean value ‘of = 21 ,000 for loop dun 
‘mean of 1: 22,600) and a calculated mean value 1: 18,000 for position 


_ R. The latter value is considerably higher than that generally recognized as 
- obtainable with the instrumentation, a and ‘no conclusive proof ¢ of the hypothesis _ 
ean be offered, since the precise control in n progress under the direction of Pro-- 
st fessor Earnest has not progressed sufficien ntly to permit such proof. The state- 
ment can be made that such few position closures between established transfer. 
a 3 points, as have been run by the writer, have been better than 1 : 20,000 . These 


runs have been too few to to date to eliminate entirely the possibility of mere 
oe accident and the phenomenon of probable frequency of error. Sa ns 
Fig. 6 indicates theoretical probability from 1 : 5, 
to 1 : 40,000 and shows the probable ¢ error or ‘ ‘accuracy” of each series as W vell 
sf the approximate mean error of the series, which occurs at about the 60% = & 
‘In accordance with probability | formulas, for any prescribed accuracy 
a established by instrumentation and procedure, 27% of the results of a large. 
on group of observations will show an accuracy of double (or an error of one half) 
that of ‘the series, whereas 3 187% of the results will show an an accuracy of of one half q ; 


(or: an error of double) that of the series. 


Fig. 6 also shows traverse curve 8, indicating close conformity | of the actual 
traverse curve with the theoretical probability curve for an accuracy of about 
1: 27, Contrary to supposition, the of errors: 


ia 


accuracy [1 : 35 0001 the average probable « error would have to be 1: 73, 500.” _ 
This theory is ‘contrary to that of Professor Rayner as elaborated i in his paper 
previously mentioned’ and is not indicated by the results of these tabulations. 
Professor Kissam, however, supports this writer against Professor Rayner’s 
criticism | on the subject of the value of retaping a line. The difference of 


opinion on this point seems to be only in definition of terms and not in n fact. : 
The writer thanks the -discussers of this paper for new thought to apply to - 


further study of the roblem of surve} rin accuracies. 
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ENT RAINMEN OF AIR IN ‘ER 
‘A SYMPOSIUM 


Discussion 


DOUMA, AND . Jor W. JOHNSON: 


J. 


cree Douma,™ Jun. Am. Soc. C. E. wo_The pa ist ha If century has witnessed 
the construction of a number of 1 major hydraulic structures in n which the problem — 
a air entrainment is important. In predicting the hydraulic flow charac- 
teristics of these large structures, engineers have relied upon engineering ; 
‘judgment, upon empirical formulas, and, in the past decade, upon hydraulic 
models. E Engineering judgment has been developed largely through the 
tedious pr process of trial and error. _ Empirical formulas have been based on 
experimental | measurements with comparativ ely low velocities and no entrained | 
air. Model experiments of hydraulic structures have not involved : air entrain- 
“ment. Thus, although design methods: with respect to air entrainment are 
still irrational, the study of air entrainment in flowing water gives promise of 
effecting the next major advance in the. design of hydraulic structures. _ 
The results of studies on open channels, as outlined in Mr. Hall’s paper, 
are re conclusive in showing that depths and velocities in steep chutes and spillway 
channels cannot bi be calculated by the usual application of Manning’s s formula 
without consideration of entrained air. Another conclusion is that the 
hydraulic design of channel walls, horizontal curves, ' vertical curves, super- 
7 elevated inverts, and stilling hones should be based on new design assumptions 


ex formulas involving entrained air. rhe 


The formula 


was intended for use with uniform flow in natural streams and a 
channels with small slopes and low velocities. Under these conditions there 
is undoubtedly very little resistance to flow from the water-air surface. How- 


—This Symposium was published in September, 1942, Proceedings. Discussion on this 
; -— has appeared in Proceedings, as follows: January, 1943, by Warren DeLapp, Jun. Am. Soe. C. a 


February, 1943, by Karl R. Kennison, M. Am. Soc. C. E.; and March, 1943, by Messrs. Robert T. Knap 
Pies Associate Hydr. Engr., U. S. Engr. Office, Los Angeles, Calif. -- - 
Received by the Secretary February 8, 1943. 
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DOUMA ON AIR ENTRAINMENT 

ever, for high-velocity, flow, large volumes of air are set j in ‘motion with addi- 
tional losses which are not included in the Manning formula. 7 Thus, application | 
of the formula to high- velocity flow vy requires : some modification to include losses 


due to air entrainment. Discussion of the variables in Eq. 50 will clarify the 


development of a suggested modified formula. 


In the formula, the ve velocity v Vv aries as the square root of the 
hydraulic - gradient nt. For uniform flow. on any slope, the hy draulic gradient 
will be parallel to the channel invert, irrespective of air content. Thus, en- 


‘trained air has no effect on the hydraulic gradient of uniform flow. For 


‘nonuniform flow, however, the hydraulic gradient is not parallel to the channel 
4 
_ invert but is some function of depth, velocity, and air content for any given 

The velocity varies as the two “thirds root of the hydraulic radius. hen, 


according: to the formula, an increase in air content and a co orresponding larger. 


hydraulic radius would result in a higher velocity. This result is quite the 


from that experienced with aerated flow. 


z= of the channel- -boundary roughness, as defined by resistance to the 


flowing w ater. ‘Entirely y new sets of n- Vv alues, which 1 would include air resistance 
and. other los sses due to entrained air, could be determined for aerated flow. 7 
4 his procedure, how ever, would 1 result i in a variation in the n- -value, depending 
on t the air content, , for any one channel roughness. 1] It does not follow that a 


concrete lining, for weed under similar conditions 0 on : 


= _ The expre expression - a in the Manning formula was designed to make v 


of. mn correspond to the values of Kutter’s For aerated flow the expression i 
ean be changed to —, in which values of n are the sa same as those established 


for nonaerated flow and N is a function of air content. By this procedure, the 
original definition of n (measure of channel roughness) is retained, and the 
effect of air ‘entrainment on the expression is given by the variable N. 
a: Of the several methods of modifying Manning’s formula for application to _~ 
“aerated flow , Mr. Hall has selected, as the most logical, one in which computed 1 
areas is and hydraulic radii (assuming no entrained air) are used instead of actual 


reu 

areas and hydraulic radii for the aerated flow . Thi 1is necessitates the use of 

> 


hypothetical v values of n (Ne, computed by Eq. 26) smaller than t those normally 


used for nonaerated flow, as opposed to results obtained for aerated flow when 


observ ed hydraulic radii are used in the Manning formula. 
ie qt appears that the most logical procedure for aerated flow w ould be to 
7 
) 


actual” velocities. using actual hydraulic radii and hydraulie 
«gre adients, 1 values of n } for nonaerated flow, and a variable N instead of 1. 486 
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as 


> 


RELATION OF PERCENTAGE OF ENTRAINED AIR TO Froupe’s NuMBER 


= Froude’s Number 
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in Manning’ fermele. ‘The: modified form of the formula then becomes 


sion 


Rs 
In Eq. 52, R and are are functions of velocity and air content. The equation 


- ean be solved by determining expressions for R and N in terms of V and know n 


In developing the expression for R, the data reported in the paper were 

used to plot percentage of entrained air, u, against 


This plotting differs from Fig. 10 by the use of u instead of the more complicated 
ratio = — and by the use of the hydraulic radius of the aerated flow instead 
the hydraulic radius of water alone. Mr. Hall er erroneously uses 


—as the Froude 1 number. The Froude is normally define defined 


r 


probably should become 


The average of all points aiid in Fig. 23 was found to be given approxi- 
mately by the relation 


7 


The average curve was drawn to give ‘a air - entrainment for or values of — 2 
equal to 5 or less. ‘The expression for critical velocity at which air entrain-— 


begins in accelerated high-velocity then becomes 


‘Thus, for ‘a shallow depth i in any channel and ; a value of R equal ~ 1. 1.0, for 
example, air entrainment would begin when the - velocity i is approximately 13 ft 
per sec. _ For a greater depth and a value of R equal to 5.0, air entrainment ) 
would begin when the velocity i is s approximately 28 ft per sec. These velocities, _ 
in general, are consistent with the meager data available. on critical velocity 
for air entrainment. Additional observations, however, ind indicate 
In Fig. 10, Mr. Hall has drawn all but one of the curves through the origin 
of coordinates. results i in the e computation of some air  entrain- 


ment for very 


a 1e basic expresmmn, Eq. 17, for flow in steep rectangular _ 
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a finite value of determined critical for air en- 


trainment, when the ratio —— is zero. > : 


On first inspection, the wide scattering of points in . Fig. 23 would see seem to 
_ cast serious doubt on the application of a single > average curve to the several 
"structures. However, by plotting + 10%- -error and — = 10%r« ~error curves 
practically : all of the plotted points { fall within these limits ai error. | - The curves 
_ were ‘computed by 2 assuming errors of * 10% in both the observed depths and 
- velocities of the aerated flow. — In view of the difficulties in obtaining accurate 
| and velocity measurements, errors of 10% certainly | are not excessive. — 
Because of turbulent entrance conditions the points | in group A, Fig. 23, 
- show high percentages of air. In group R, | the high percentages of air are 
ie caused by flow leaving the chute at a sharp vertical curve. _ The low air r content _ 


of the group C C points appears to be due to errors in 1 determination of observed 


‘The ‘observed data listed in Table 9(a) were taken from the Bureau of 7 
‘Reclamation’ s second progress report (unpublished) on studies of the flow of 
water in open channels with high gradients. In this report the a average 
served velocity was determined from the oscillograms by taking the time of : 
travel between two sets of electrodes, as s given by the distance between centers — 
of gravity | of areas under two successive curves representing the passage of a 
“salt cloud past the upper : and lower stations. In the first progress report. 
(unpublished) the time distance was obtained by averaging the distances 
| between beginning, maximum, and other characteristic points 0 on the curves. 
Velocities determined in th e first progress ‘Teport average ied higher than 
velocities determined in the second progress report. 
The data for Kittitas chute from both progress reports are a gletted in Fig. 23. 
i The data from the first progress report, in general, are consistent with the data + 
for the other three structures. In the lower velocity r range (group C region), data “ 
- from the second progress report are not in agreement. _ The data in Table 9(a) 
gk show the critical velocity for air entrainment in the Kittitas chute to be ap- 
a | 7 proximately 40 ft per sec. _ Photographs of flow i ‘in the upper end of the chute, 
however, indicate considerable entrained air at stations where velocities of 


about 40 ft per sec occurred. Thus, the group C points appear to be in error, 
= the velocities and percentage of air oo in Table 9(a) are questionable. _ 


In Eq. 55, 4 can be eliminated as follows: : The basic ae aerated flow formul 
VY. In this equation, 
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Eqs. 3 and 56 simultaneously: — 
200 200Q 100 


Ri in of actual and quantities | is obtained 
V2+4RVQ44Q)R 
(0.002 bt V4 + 2 V Q + 4 4gl b R + 9 b? = 0...... 


Using the binomial theorem, values of R i in ‘Eq. 58 can be determined for 


any given channel and design discharge and for several values of V. a A curv curve: 

of R against V may then be > plotted to facilitate the \ Ww water surface computations. a 

In developing an expression for obtaining values of NV in Eq. 52, data for 
Hat Creek and Kittitas chutes were plotted in Fig. 24 to show the variation 
of Manning’ sn with air content when an N-value of 1.486 is used for aerated 
flow. Mr. Hall states that v alues of -n obtained from observed areas and 
velocities of aer: ated flow are equivalent to tl those observed i in normal channels 
-(nonaerated flow). implies that the value of does not v vary with air 

‘Fig. 24, how ever, indicates a definite i Increase in with an increase 
in w. “The. av erage relationship is giv ven by 


60 


| 

Kj ig. 24 indicates | (although not conclusiv rely) that the > value of of n Ww ould be 
0.010 for the concrete chutes if the flows « contained no “entrained air . This 

> n-value is applicable to smooth concrete chutes. From the description of the — 

‘Hat Creek and Kittitas chute linings an n-vaiue of about 0.014 might be 
estimated. explanation of the -value for relativ ely rough concrete 

Using : a constant value of n equal to 0. 010, the data used in plotting Fig. 24 

e recomputed for values of N. . TT he results are plotted in Fig. 25. 
average relatio of wand N is given by by: 


= 1.486 — 0 0.000248 
lution of Eq, 52. Them 
Eq. 60 can be used to obtain values of Nin the solution of Eq. 52 _ The maxi- 
= value of N is 1.486, when the flow — no entrained air, — 
decreases with increase in air 


cas flow, ‘the method deseribed by Mr. Hall requires the coordinate system 
to b 


“curve, has proved that ‘computations of stations : and elevations 


zontal coordinate 


) 

58) 
e 
OS 
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] properties computed by these equations for.395 cu ft per sec in Hat Creek chute 

are compared with observed values in Table 13. The comparison shows good 
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om 


Referring to. 
follows : : With the origin of coordinates at the beginning of curvature of a 


vertical curve, where the: maximum computed velocity for aerated or nonaerated 


1 Beginning of Curve 


“End of Curve—> 


= 


Fra. 26. —Verricat INVERT 


“Bliminsting t in Eqs. 61a 615, the equation for curve is” 


by Mr. Hall, Voi in Eq. 61c, should be taken as approximately 
.2 times the computed Tean velocity at the beginning of the curve. . For 


short chutes be. determined from. g Ho, in which Hoi is the total 


cos 6 


Eq. 32 for ina curve is applicable to tranquil flow 
Dut not to rapid flow (supercritical velocity). For rapid flow, the maximum _ . 
~ superelevation is considerably greater than given by Eq. 32; and it is not 7 = 
7 uniform around the bend but has maximum and minimum zones which result ; 
f from transverse e wave fronts. | In addition to 1 the 1 rise in water ‘surface at the : 
= outside wall caused by ¢ ‘centrifugal action, there is a rise or drop i in water surface 
eased by the attacking « or receding wave f front.*> The maximum supereleva- 
the outside wall i is given by 


Theoretical Losses in Open Channel Flow,”’ by J. <G. Jobes and J. A. Douma, Civil En- 


= 
+. 


592 
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| = flow is V., the horizontal distance covered by the flow in time t is given by ; fs q a 
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Observed data listed in Table 11 have been retabulated in ‘Table 


comparison —_ the ¢ difference i in water surface ‘at the inside and outside walls — 


TABLE 14.—Comparison or OBSERVED ED AND ‘Compurep 
SUPERELEVATION IN Sours Can AL CHUTE 


‘(Radius of Curve, 142 _ 


— 


‘Description 


feet persecond] 16. 6 | 19.2 25.2 | 28.8 | 29. 6 
rT Difference i in Water Surface at Outside and — Walls, in Feet: 
Observed 30 0.90 | 1.20] 1.15 
3.42 


‘a verse wave occurred at each of the stations. T he observed values in all cases 
are e smaller than the maximum values. Ther maximum height of 
wave probably did not occur exactly at any of stations listed. ‘The 
minimum height occurred near some stations. — The initial transverse WwW ave eat 
“the point of curvature of the 142- ft curve developed by upstream curves. is 
: d - another factor that caused the maximum observed superelevation to be smaller 
than computed. _ Transverse waves at the beginning of a curve may ¢ either 
“magnify. or dampen the new disturbance caused by the curve. *F rom the data 
‘it appears that the disturbance was dampened i in| the 142-ft curve. ee 
In view of the complex w: wave pattern that may be developed when a series | 
of closely spaced horizontal curves is located in a chute, the water ‘surface 
cannot be computed accurately, and, for the sake of efficiency and economy, 
model studies should be made prior to construction. When a chute has but. 
one horizontal et curve, or horizontal curves, spaced some distance apart, the 


‘maximum s superelev: ation can be ‘computed by use of Eq. 62. . The usual agai 


the ‘entire length of the curve and for some in the dow: nstream tangent. 

although the ‘maximum ‘superelevation will occur at only a a few stations. 

studies of structures so Ww vould probably effect some saving 


ment. transverse. “waves, | ‘compound curves, ‘which 
_ produce disturbance waves of the same amplitude but of epee phase from 
* ss produced by the main curve, will reduce their height. 
__ The e design of — jump ‘stilling basins is is another problem aff affected by 
_ The commonly used formula for jump height in a rectangular 


1 and Va are the depth and velocity ars of the jump and dais 


8 | the 
Boa i. table are maximum values that would occur if the maximum height of trans- _ 
— 
ove « 
— 
| 23 +00) 23 4.25) 23 23 +75] 24 +00] 24-+25| 24 +50| 24 +75] 25 +00] 25 +25) 25 +50 
——_ 32.0 | 33.5 | 34.3 | 35.1 
— 2.75 | 2.65 2.00, 
257 | 180] 188° 
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the depth after the jump. 


to Fig. 27, the formation of a stable jump must be 


_ accompanied by a change in kinetic momentum from section (1) to section 1 (2) 


~ 
Section ecti 


‘Hydraulic J jump 


qual to the difference in forces due to hydrostatic pressures at sections (1) and 

er second with mass: flow, 


of ina rectangular channel is 


‘The enti foree hetw een sections (1) and @), assuming no no entrained air rat 


A third equation 
Eqs. 64a and 64b and eliminating V2 by using Eq. 64c, 
for jump height with aerated flow becomes a 7 


Eq. 64d can be solved for dy by trial and — 

following sample computations are made to the influence « 

the design of stilling basins: Assume 3 a design discharge ¢ of 

per s see as calculated by the coud for iow. “Then d, = 2.0 
ft hand solution of Eq. 63 gives d, = 34.2 ft. . Now, for r purposes sof comparison, ae a 
‘assume Vi = 80 ft per sec as computed by Eq 1. 52 for aerated flow. Fig. 23. 

; gives an air content of 31% from which p = 0.69. From Eq. 64¢, d, = 3.6 ft; 


and from Eq. . 64d, el 30. 2 2 ft, which —_ ft less than computed by the usual ’ 


_ Frictional due to entrained air re reduces the mean velocity and 
‘total kinetic energy at section (1), requiring a smaller d: » depth for the formation 


of the hydraulic jump. . The result is a saving in in stilling-basin wall 


' 
‘Fre. 27.—Srmurne B 
| 
SES 
1 
y 
4 


ormulas effort i is given tc to po refinements. 


Jor W. JouNson 36 Assoc. M. Am. Soc. Cc. 36¢__Valuable 
have e been by this Symposium, toa field which previously has 
been discussed only in rather broad generalities. The various data should 
important in where air entrainment is a factor. ke 


"points fall below the 45° that experimental errors 
are not entirely the cause of scatter but suggests instead that some other 
SS factor may have been in error or w as neglected in developing the equation. 
Ap possible e: explanation: of the consistent shift of the points to a position 
“below the e 45° Ii line is the fe fact that the air-water flow ratio, 8, may not have — 
> had the same > value as the air-w water | ratio of the mixture (hereafter: termed A). 


4 with the flowing mixture. 
when the air and water are moving at the | same velocity. * When the air and 
a water are not moving at the same velocity, a “slip” loss 0 occurs, in which case 
the term B ix in Eqs. 37 and 38 should be 1 be replaced by A A, the ratio of air to water 
as as actually e: existing in the pipe. 
a. convincing | demonstration of f how great may be the difference between 
these two ratios can be obtained from published data on the flow of gas- liquid 
through vertical pipes.* 37 In these experiments tests were made 
- the flow of water, kerosene, and oil through pipes, 1, 2, 23, 3, and 4 in. in 
diameter. The flow ratio B was determined by metering the inflows. The 
volume ratio A was | obtained by trapping a volume | of the flowing mixture 
between ‘quick-acting: gate valves located at two pi points in the vertical pipe. 
Then by draining and | determining tl the volume of the trapped liquid and with 
the volume of the | pipe e between the gate , valves being known n, the ratio 0 of the 


ee typical example of the observations taken during these experiments is 
~ given | by run 1 of the tabulated data. Thus, by metering | the inflow to the 


Asst. Prof., Mech. Eng., Univ. of California, Calif. 
Received by the Secretary March 11,1943, 
_37“Experimental Measurement of Slippage in Flow Through Vertical Pipes,” by Vv. Moore and 
H. D. D. Wilde, iemaed A. I. M. E., Petroleum Div., 1931, pp. 296-313. _ ‘ 
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a beige, reduced floor thickness because of smaller uplift pressures, ; ap 
a tion, and ashorter stilling-basinlength mi 
Many additional experimental data and studies by a number of hydraulic of 
: engineers are needed to confirm the application of the aerated flow formulas get 
. to steep chutes and spillways. In view of usual conservative assumptions of | wa 
value of n, for purposes of design, and the use of liberal freeboard, further pe 
a — 
wa 
— | 
Th 
me 
— mentum relationship for a hydraulic jump in a 6-in. pipe. The authors — spa 
San - attribute the scatter of the points around a 45° line to the difficulty in measuring [the 
38 
ex 
Tels 
a -—- in the pipe immediately below the jump where the pipe is completely filled exp 
— 
x 
ty 
— 
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apparatus, 15.7 cu ft per min of gas at mean pipe pressure and 0.86 cu ft per ; 


min of water were flowing in the pipe, thereby | giving a gas-water flow ratio B 
of 18.3. 3. . The > gas-water rati ratio of the mixture A obtained b by closing the quick- 
acting gate valves was found to be only. 3.2. The linear velocity of the water 


was computed 1 to be 10.5 ft ‘per sec, and the velocity of the gas was 56. 1 ft 
wide difference that is possible the - values of the 


water ratios is the basis of the foregoing statement that the value of 6 in 


_ 37 and 38 perhaps should be replaced by the ratio A. In attempting to— 


compare the experiments of T. hs . Moore and H. D. Wilde* with those of 
“Messrs. Kalinske and Robertson, a comment on the flow conditions in the two. 


experiments is necessary. ‘In the Moore and Wilde experiments the gas 


expanded as it flowed u upward through the pipe and ‘ ‘slipped” past the water. 
The opposite condition probably occurred in the Kalinske-Robertson experi- 
-ments—namely, the water was “dragging” air along from a low pressure 
space to a high pressure space and the velocity of the water slightly exceeded | 
the velocity of the air. Because of this velocity difference, therefore, the 
“mixture ratio A was greater than the flow ratio ‘iB. ‘Thus, if Bin Eqs. 37 and 
38 is replaced by A, the value of M: would be increased and the value of Ww 


g 

would be decreased. ‘The ‘net result increases the » ordinate of the various 
_ experimental points shown in Fig . 16. — Closer grouping around the 45° line 

; probably would result. The installation of two quick-closing gate e valves | in 

| 


_ the Kalinske-Robertson apparatus should give interesting information on the _ 
relative magnitude of B and A. _ Obviously, their values would not didfer as 
: greatly as in the experiments of Messrs. Moore and Wilde where the gas was 
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K. G. , TOWER 
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are frequently it installed in channels to measure sew: 


or - industrial wastes. Restrictions in available head loss may require submerged 
flow conditions, at least during periods of peak flow. ~ 


5 


Note: Length of Weir 


Crest=16 In. 


—15 


70.—Werr Cross Section 


_ In 1936 a weir of trapezoidal cross section (Fig. 70), with a surface of smooth 


of mortar, was calibrated at the hydr draulic laboratory of the 
versity of Wisconsin, at Madison, for the « express purpose of measuring waste 

discharge at a paper mill. ‘Special attention was given to. the investigation of 


_. Norse.—This Symposium was published in October, 1942, Proceedings. Discussion on this § Sarai 
appeared in Proceedings, December, 1942, by "A. E. Niederhoff, Assoc. Am. Soc 
m. Soc and March, 1943, by Glen ‘ox, M. Am. Soc. C pare a 
Instr., Civ. Eng., Univ. of Wisconsin, Madison » Wi 
202 Received by the Secretary 19, , 1943. 
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heads were measured, 3 and 


0 
0.1 


Effective Head, in Feet (# +1: 


Fic. 71.—Coerricrent C FOR WEIR WITH FREE DISCHARGE 


Test results are summarized in . Fig. 71, which gives the coefficient of dis- 
charge C,as determined for 


Fig. 72 shows the ratio of submerged to free discharge for various sedan. 
|The latter is plotted as a single-valued function and is surprising in its agre 
ment with U. S. deep waterways tests (42a).2% There is some indication, how- 


- ever, that, had it been possible to increase the distance at which the head 


b downstream was measured, a family of curves might have been obtained. 
Careful examination of the original data shows abnormal change in downstream 
a head with transition from plunging to flowing nappe. a This should ‘not be th wll 


with constant: discharge if the control section downstream 


alone determined the elevation of water surface. a 
"alone dete cle 


A comparison of gi with information shown nin . Figs. 


The variation of the upstream head on the weir due to the change fro 
plunging to flowing nappe is noted i in Table 11. For the same discharge, over 


this particular ‘trapezoidal we w reir, the head for flowing nappe averages 2. 57 
2% Numerals in parentheses, thus: (42a), refer to corresponding items in the Bibliography, which = 

_ Appears as the last unit of the Sy mposium, and at the end of discussion in this issue. i tie a 


q the effect of submergence on the discharge. . 4 ie 

ia 

: 

| 

| — 

a 

— 

Tir Well 

, 

‘a 

— 

— 


This indicates a . corresponding decrease 


“note type of flow. "The possible effect of plunging and flowing nappe ‘still 


| | 


(Percentages) 


rgence, 


Subme 


"AVERAGE 
DISCHARGE 


| | | 


Discharge in Percentage of | Free Discharge for 


‘Fie. 72 
11 —VaRI on or HEAD ON A WEIR WITH THE TRANSITION FROM — 


Discuance, IN Cunsc > FEer PER ‘Se N 
Description 
0.208 | 0.400 0.704 | 0.707 | 0.999 | 1. 1.509 | 1. 

os 4 


Discharge for flowing nappe ‘eonditions (cu ft per 0. 0.702) 502| 1,524} 2.14 

peat 0. 153 0. 220 0. 266 0.264) 0. 329 0.413] 0.425| 0.443 


Plunging nappe 
0.156} 0.228) 0.273) 0. 0.346) 0. 424) 0. 432 0. 442 


-Weir{Submergence (%) for: 
nappe.... 36.0 |32.4 |484 |s2.0 |48.2 |59.6 
Flowing nappe 54. 60 al 6 [52.7 
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; Although recognizing the va value of n measuring ng the downstream head at a 
distance beyond the influence nappe Lad writer would like to 


“drop curve the downstream control section. Also, it may be 
necessary to correct for the drop in hydraulic gradient ‘utilized in overcoming © 
— to flow. Frequently conditions that necessitate use of submerged 
weirs for flow amas limit the available. distance betwee een which the two 
heads may be measured. 
devices, the head be determined within that region affected 
by nappe conditions, particularly when flowing nappe discharge occurs. — Thus, . 
‘itis recommended that such weirs be designed, in so far as possible, , to o prevent, 
flowing nappe conditions. 


Assoc. ‘Am. C. E. 


Soc. —The different papers of 
this Symposium deseribe a . great number 0 of hydraulic 1 models and their proto- — 


dev teed ‘model is san 1 extremely reliable instrument. Thee engineer in the labora- 
tory” who builds and operates models will appreciate especially these 
parisons because, more than else, he knows the reasons why 


reduced in the ‘model, according to the scale of of all other and if “tis 
reduced roughness ‘combined with the reduced Reynold’ s number of the flow. 
still represents a rough wall . If this is not the case, disagreement is inevitable. 
This case occurs most frequently © in connection with hydraulic ‘structures, 
which are generally rather smooth in the prototyp pe to reduce friction. > Usually, = 
this is friction is unimportant or may be corrected by calculation. There : are 
“cases, however, in which the true reproduction | of this friction is essential. 
In these cases a method of distortion may be used which proves very effective _ 
for river models, many of which must be distorted to keep the flow turbulent. 
‘While: visiting the hydraulic ¢ laboratory i in V icksburg, Miss., w here such models _ 
usually can be found, the w riter was astonished to see tee much | the natural oo 
~ roughness of the model must be increased to counteract t the effect of the dis- a 
the friction. It is clear, therefore, that: a | comparatively ‘slight. 7 
- distortion o of any hydraulic model will allow an effective increase of the wall 
Toughness which may just make the difference betw een ‘rough and smooth. — 
This raises the « question of the r eliability of distorted hydraulic 
‘general, It was somewhat disappointing that no quantitative comparison of | 
any such model with its prototype could be offered in this Symposium. Else- 
where (17), the writer, with R. Miiller, has described the conditions Sunder 
which a distorted model with movable bed will conform w ith the prototype, 
giving g the results of the application of the method to a river model. 


Hydr. Engr., SCS, U. S. Dept. of Agriculture, 8. C. 


“Me Received by the Secretary February 26, 1943. seit 
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in severai Or the papers, ITICtION Nas peen Siven as the cause tor aeviation 
_ between model and prototype. It is known that friction along rough walls will | . Z 4 
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was that of the Rhine River above the Lake wll 


leone the greater part of its lead we | in its own pwn bed. This 
7 gradual decrease of the rate of bed-load transport down this stretch is parallel — 
. — with a gradual decrease of the slope. The alarming speed with which the bed 
7 : g was filling up forced the responsible : authorities to study all possible ways of 


relieving the e dangerous Situation. _ The m model in question was intended to 
represent a section of the river in the up] upper part of the 20 miles and to reveal 
constructive measures which would increase the river’s capacity for bed load 
without increased : slope. . The rules for tr: unsportation in the model had to be 
found en empirically because no theory of any kind existed at the time. There- 
fore, a series of trials was made to duplicate, in the: model, the emai of the 
river bed that had taken place during past years using Froude’s law for the 


flow - When agreement was satisfactory, the main experiments were started. 7 
However, only the preliminary experiments can be used in comparing the 
‘model the prototype, because the measurements in the 
The measurements in the river, in addition to data not used i in | this connec- 
‘tom, include ( (a) several ‘sets of cross sections, (b) the hydrographs : for the time ii 
ul 


intervals between these surveys, , and (c) velocity and slope measurements at. 


different stages. - Mechanical analyses of the bed material were ave ailable for. 
the entire. 20- mile stretch. A set of bed-load measurements us using : a calibrated 
trap gave t the rates of bed- -load movement at one section for different: | 


and checked \ very Ww vell with. ealeulations | using the bed- oad formula, 


transportation at other a the stretch, and the difference of 


during certain periods of time was checked against the deposition between the 
sections | and in the lake. The measurements within | this rather intricate 
system agreed astonishingly w ell, thus introducing the rates of transportation 7 

the list of variables measured in the prototype. 


model was built entirely empirically. “Originally it was supposed 1 to be 
geometrically undistorted except f for the e grain | size in the movable bed which 7 - 
; as composed of coal. The low specific g grav vity of the gra grains should counteract 7 an 
- “the ¢ effect of the large grain sizes as far as transportation is concerned . How- a 

= it was known at the time from. similar models that the time ratio chosen : 
4 for transportation must be entirely different from the time ratio of the flow 
proper bt By trial and error a ratio of 360 gave, very closely, the same configura- 

~ tion of the model bed as was found in the prototy] pe and w was cused thereafter 


@ 


Ns A All the evidence seemed to indicate t that { the model w as simil: ar to the proto- 
type, but the quantitative rules. of ‘this ‘similarity were not discovered until 
more than a year | later »W hen Froude’ s law was abandoned as a basis of com- 


_ parison and was replaced by a new system of | of equations describing similarity 
Instead of a general ratic ratio for all. different variables: of the dimension of 4 

length, four different ratios were ‘used: 


a | 
‘The | in tl 
The model in this case 
ex 
(6 
— 
— 
— an 
| 
| 
| 
ws 
— 
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— 

a for lengths i in direction of the main flow; “a Se 
(2) pd for the width, a a horizontal length perpendicular to the main flow; Wi 
(3) ‘x for the any vertical length; and 


6 for the grain diameters, 


An additional distortion was allowed by the separate introduction of of — 


(6) € for the ratio of slopes , independent from d and x: 


Each common letter the ratio of a certain measure in 


. Also, for time, a 


for any | time concerning the movement. of water; and 


@ 7) 6 for ¢ any time concerning the movement of sediment. 


A number of constants enter any hydraulic problem inv nvolving bed- Joad 
movement. _ The acceleration of gravity and the density of the water are 


assumed to be equal i in model and prototype: - eae 

oe (8) m may be the ratio of the effective specific gravities of the sediments 
under water. Their specific pore volumes in the bed are assumed to be equal; 
— (9) ¢ is the ratio of the constants in the Manning-Strickler formula as 


explained subsequently; 
(10) ois the Tatio of the constants F introduced in the bed-load oad formula * 


defined by t the three ‘equations: ~ 
: (11) ¥ as the ratio of the specific bed-loa load transport defined by 


(13), yas as the ratio of corresponding discharges, defined by | 


Four ‘more equations can be introduced simil 


model ‘and p | prototy ype. For r the distorted model the general Froude’s law 
Teduces to 


¥ the fact that any heights’ are correlated like ralues of The 


ina stream bed-load is of the type, if 
bs bed material is as coarse as that in the Rhine River. — Therefore, ae 
y be described by Manning’s formula. ‘The s same formula must be — 


— 
Be, 

a 

(12) as the ratio of corresponding masses of water defined by 

t an 
a 

— 

y 
— 


_is s lost, because suahappenling values of the. same type pe must. be correlated 
a constant factor. The constant n in Manning’s formula can be expressed for — 
a granular bed, according ' to A. Strickler (64) as the sixth Toot: of a representa- 
tive. grain | diameter of the bed divided by another constant. 4 This new con- 
stant will vary only slightly f for r extremely low Reynolds numbers and with the 
of bed- load transportation. “In ratios the “Manning- Strickler for- 


‘The two remaining equations : are derived from the postulated identity of the 
formula. Using the ®)-relationship, the values of both 
and © must be the same for corresponding points in model and prototype as 
long as the same (W-®)-curve holds in both scales. If the Reynolds number of 
the flow i in the model is extremely low (as was the case for the Rhine River 
model), . a slightly different (W- @)-curve applies. This | difference of curve is 
- taken care of by the introduction of ratios (14-15) aa a and B for or corresponding — 


rs 


(25f) 


and values, re 


Flume experiments with the model sediment under flow conditions similar to 
in resulted in a ®)- ~curve that is lower and flatter flatter than 


4 


seem n satisfactory. Only when the model was as of the 
§ flow at another section of the river farther downstream in the 20-mile stretch 
_ Table 12 shows a. comparison of the values for the fifteen ratios as derived 
: 7 - from direct measurements in model and prototype (Col. | 6) with those abel 
= according to Froude’s law (Col. 3), with those using Eqs. 25 for a a diss 


flows were studied in the model. © _ The measured length eatin ds as well as the 


x values, therefore, were obtained from the comparison of the characteristic 
form of the ‘sediment bars in model a ne prototy pe. model 


"Parameters 4 7, a and ¢ have been chosen; 6 was determined by trial and 


‘and a, and o are measured | of the model. com | 
"1 parison 0 of the values ‘in Cols. 5 and 6 shows remarkably close agreement of all 
the seven r remaining calculated ratios with the measurement. - Col. 4, Table 12, 
may illustrate how easily the entire system can be disrupted by the wrong 
a assumption of any constants in the equations involved. These. data: may prove 
that. a quantitatively similar river model with light-weight ‘material in the 


. bed is possible and that its behavior can be predicted cted. A ce certain distortion, 
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April, 1943 TOWER 0 ON MODEL PROTOTYPE. 
especially of the time scale, is unavoidable. Because of these 
Froude’s law cannot be applied. Instead, a system of empirical formulas with - 
their constants describing bed friction and bed movement determines the 
different ratios. The e same equations must be app plicable to both model = 


‘TABLE 12. —ComPuTep AND Muasunep Ratios FOR 


(0.838 
Time (sediment)......... 10 | 360 360 
Density (sediment). . . 7. 7 | 


X=G 100 100, | 100 
ope | 0.704 0.645 | 6-0.65 
Time (hydraulic)... =a 10 | 276 | 110 | 9.3-13.7° 
Specific transportation . ..| y =a B%/4¢~ 236 250 
Hydraulic masses........ 106 | 2.7610} 1.1108 | (0.95-1.35) «108 


prototype if similarity is to prevail. All constants in Sone equations ns must be 


known for both scales if the different ratios are to be predicted. 7 
4 Unfortunately, know ledge of ‘the fundamental laws of bed movement in : 
large streams is still unsatisfactory. Therefore, it is not possible to build 
“quantitative models for large streams with fine sediment. In this case, only 
qualitative models producing qualitative results can be built; but even those ae 
A ‘qualitative results cannot be trusted unless i it is possible to find i in each model — q 
‘a number of qualitative checks such as those described by Mr. Brown in his | 
[= excellent paper about “Development of Mississippi River Channel.” The 
care . with which statements in n general are made in Mr. Brown’s paper ein 
the unreliability of such models and the great danger of drawing erroneous _ 


conclusions from them. 7 Iti is hoped that as a result of basic research investi- ; 
gators soon will find the fundamental laws needed for quantitative | model 


studies in this field. 
K. G. TowEr, JUN. Am. Soc C. E. “Foreword” to the admirable 


bald question is ‘stated: prototype act as the 
predicted?” This question will cause the uninitiated to query: How, then, if 
at this late date such a question | must be asked, has the art and science of 
model testing reached its present For all practical 


Associate Engr., U. S. Engr. Dept., Portland, Ore. 
Received by the Mareh 1, 1, 1968, Ae 
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- purposes, of course, with the exception of the relatively infrequent case where 


air entrainment or the p1 pressure of the atmosphere (or a combination of both) 
may be critical factors, models operated ¢ at atmospheric pressures will give a — 
‘solution to pr w which, 1 in cases, 8, if there i is an 


With sahies a = Sow exceptions, tom engineers who have had recourse to 
the hydraulic laboratory for the solution of a “specific problem have been 


om ‘sold” ” on the idea of. model testing. TT hey have seen the solution obtained in 


the laboratory v verified by the prototype. So far as has been observed and 
checked by rough field measurements, qué ulitatively and quantitatively, for all — 

practical purposes the prototype has performed as predicted by the model. 
The irrigation-canal check-drop investigation presented by Messrs. Warnock 
and Dew is typical of of pr oblem t been repeatedly 


“solutions the present excellent “a 

~ Thus, qualitatively at least, with the exceptions noted, the question of the 
“Foreword” ‘need not be e asked of hydraulic » laboratory personnel. 
question should be rew orded tor read: “To. what degree do quantitative mea- 
~ surements recor ded i in ‘the laboratory ‘differ from those ‘obtained i in the field?” 
Viewed in the light of the restated objective of this | research, the Seance 
s seen to represent the first organized public expression of the manner in 
which hydraulic designers and laboratory technicians are striving toward the 
achievement of perfection. Those who have par ticipated i in developing the 
technique and interpretation of hydraulic model studies from an awkward 

adolescence to a confident, Inaturity within | the past decade can 


themselves a: as having e1 engaged i in a job w well done. 


attainment of perfection in any activity is highly desirable, and 
_ always praisew orthy, ‘even in those instances where the activity itself may be 
4 of doubtful merit. It is hoped, however, that before those engaged in the 
“direction of hydraulic | laboratories ‘definitely conclude to spend all of their 
available : spare time and funds | in an effort to perfect the interpretation of 
results s obtained f from | model st studies that thought first be given to furnishing i 
the hydraulic designer, with reliable basic data which will permit final and 
economic solutions of his everyday problems. . In metaphor, before worrying 
about the twine in the binder, first learn how to plw. 
An important task of —— is the elimination of the need for a number 7 
the hydraulic tests of ‘models accepted by many agencies at present 


standard practice. Typical structures frequently constructed should be 


and testing of of structures which are identical. 
-Spillway crests furnish possibly the best example of the case in point. 


is a recognized fact that the highest discharge coefficients are “obtained with 
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sheet over a sharp- -crested weir. = ‘Hydraulic laboratories" should endeavor, at 
the earliest opportunity, to sup plement information already available on the 
curve of the sharp- -crested w eir lowe er nappe and the entire matter should be 
placed on record in such a manner that no hydraulic designer i in the future, 
by reason of the lack of adequate information, need be found recommending 
a spillway shaped, for example, similar to the one examined by Mr. Soucek 
and illustrated in Fig. 50 in his study of submerged flow, ‘‘Meter Measurements 
of Dam Discharge.” ‘basins and transitions at the entrances: 
conduits are additional structural features deserving critical and intensive 
examination for th the purpose eae“ standardization a and the elimination of 


routine hydraulic | model testing. The use of three features 


design of dame control w works, and more infor mation ¢ on 


‘them is needed daily at the drafting boards of organizations engaged in this 


3 
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‘The su suggested research ] program w ill have to be conducted princi inelly in 

: "laboratories as there are insufficient suitable existing full- scale structures, even 
if all were re investig: ated, to contribute an appreciable quantity of the n necessary. 

: basic data. | Those existing str uctures that are suitable, however, well may be 


examined for data to be used as a » check of the models at one or more , stages of 


considerable fortitude, initiative, and skill will be demanded of those partici-— 
-pating: in the p program. of the work required i is such that the 
program will have to be deferred until after t the war. In the meantime, the 
sticing hydraulic « engineer will | welcome any prototype study that 
_ to his working knowledge ‘regardless of whether or not the intent of 


such study is merely to confirm or den; data obtained | from a particular | 


J. Jr. 2 ‘Es SQ. «Individually the papers are an interesting 

and enlightening | addition to the literature on hydraulic model practice e and 
hydraulic design, for which the various authors are to be commended. Col- — 
lected together in this Symposium, they represent ‘important contributions 

_ toward more effective and more comprehensive use of the hydraulic model as 

» instrument of design, through the illustration of the wide field of problems 


susceptible to model analyses, and toward better general understanding. of 
: how this tool ean be improved f further by the illustrations of both i its capabilities 


Tt Considering the subject matter of the Symposium as a wh hole, the paper by 

Messrs, Warnock and Dewey is particularly thought provoking. There is 

[ urgent need for much more prototype « data, both for evaluation of accuracy of © 

- the model and for direct use in design. This calls for the creation of greater , = 


interest on the part of all concerned, and for still greater ——— in — 
* Engr. (Hydr.), U. S. Engr. Office, Omaha, Nebr. 


= by the Secretary March 1, 1943. 
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= the difficulties of “making prototype measurements. Past lack of gen- 
eral interest. ‘undoubtedly has been contributed to | by both the model worker 
and the designer of hydraulic structures. * ‘Too great enthusiasm of the model 
_ worker arising from his intense interest in his tool in ‘many cases has tended to 
“oversell’ the capabilities of of the | model; and also, in many cases, there has 
— a tendency of the designer to present his finished ‘product as if it were the 
best and final answer to a given set of cortditions rather than just a good design 


which will perform satisfactorily, but which undoubtedly could be improved — 


either i in performance characteristics, economy, or both, if better information ar 
were at his disposal. — A more realistic attitude on the part of both can con- - 
tribute ‘materially to greater general interest and, in turn, to greater | oppor- an 
tunity for the co collection of n needed prototype data, even where the expenses of § jo, 
"observations may be high. th 


The numerous difficulties involved in in obtaining accurate prototype owl 

‘make this indeed an exasperating and expensive field, yet fascinating, in the -” 
writer’s experience at least, because of these very difficulties. The utmost in J > th 
ingenuity and the fullest possible interchange in ideas are essential. WwW ith he 
reference to difficulties with equipment such as that used in measuring g spillway ay f 


tid 
_ bucket velocities and water-surface elevations over ver spillways as | mentioned § ge: 
by” ‘Messrs.. Warnock and Dewey, the following ‘suggestions are offered er | 
4 general consideration i in future cases of this nature. - Tubes leading to to observa- 7 he 
tion galleries, in ‘many | cases, can be kept open by regular flushing with clear = 
water at frequent intervals from the time of installation until all desired per- RAs: 
Va 
formance data are collected. This often will be a nuisance to operating F 

personnel, and of course in some instances will be impracticable; but then, Ww hy. 7 
install the tubes if they are to become unserviceable before data can be col- — 
lected? There also seems a possibility | that small tubes placed without : sharp a 
bends, with a flexible corrosion- resisting wire to be removed only during tests — = 
extending their full length (same idea as is used in an automobile hand- throttle | pa 
control except that the wire would be pulled entirely from the tube during =o the 

tests) might solve this clogging problem at some locations. problem. of | 
_ S coating or plugging of pitot-tube openings is not necessarily beyond solution — ™ 


either. would seem that some kind of protective ¢ cover which might be 
/ <i removed either directly or by remote control just prior to a test could be devised | : 
for many installations. Turning to the problem of measurements of water CO 


; surface of the flow over spillway sections of a dam, it appears that for at least JB 2% 


4 : ‘some cases not complicated by spray from gates at partial opening, some rela- z 
an fl 
a tively inexpensive method employing a a narrow intense light beam and transit = 
observations | of the “spot” projected on the v water surface (possibly coupled 
some cases with measurement of reflection angles) could be utilized. De- als 
- . 7 velopments along the lines of sonic or electronic soundings also would seem to the 
bat 


7 hold considerable promise f for the future, perhaps especially i in cases complicated 


by spray and foam on top of the “solid” jet. 
_ ate _ As mentioned in the Warnock- h-cinel paper, still and motion pictures of all ing 
Gow eonditions : observed both in laboratory and field are indeed invaluable for 
purposes of comparison ¢ of model and prototype On this score, ‘bit 
pit 
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as from vantage points possible in the laboratory which may better i illustrate 
: performances of certain features of the model but which are impractical i in the 
“field. _ It has been the writer’s unfortunate experience, which is feared not 


unique, to fail on several occasions in attempts to. fully satisfactory 


‘the prototype be in air over the stream 
below a dam. - On the other hand, , really excellent photographic comparisons 
are possible, as illustrated by Fig. 1, when model photographs» from proper 
angles are available. For most effective photographic comparison of model _ 
prototype performance, attention to relative focal lengths of | camera 
lenses used in the laboratory and in the field, to insure similar perspectives al 


the photographs, is almost: as s important as the position « of the camera. 


of the hydraulic ina a field not covered by the 

the Symposium. In connection with design of a spillway stilling basin utilizing — 
baffle piers for energy dissipation, there was some concern for a possible cavita- 

~ tion hazard, and extensive model investigations were m made under the writer’s a 

general supervision in in two leading hydraulic laboratories. The test method in 
one involved the measurement and | analysis s of pressures that occurred 
-= surfaces in a model under atmospheric p pressure; : the other involved visual _ 
rm and interpretation of the performance of a model | erected in a 


vacuum tank apparatus which enabled the reproduction of pressures in the o 
-¢ correct scale ratio. To enable the best possible interpretation of the tests 7 
for the structure being designed, b both laboratories first conducted tests on 
‘models of an existing stilling basin. also dependent on baffle : piers for energy 
‘dissipation where some pitting | in | certain areas along the sides of the baffle | 
piers had actually occurred during the passage of an extreme flood. _ So far . 
- the main test program was concerned, it is sufficient to state that the results 
: of independently conducted tests at each laboratory were in reasonable agree- a 
_ ment with conditions observed at the existing prototype and with ‘conditions 
indicated at the other laboratory, and that a design involving partly stream- 
— lined baffle piers was evolved. The original descriptions and photographs of 
conditions at | the. existing structure had indicated pitting only | along certain 
areas on the sides of the baffle piers. - During testing of the model of this struc-_ 
ture in the vacuum tank, it was seen that conditions along the stilling a 


are in certain areas between the baffle piers were apparently nearly as severe 


the tops of the baffles. indications of areas on the sides of 
bafiles i in | whieh ¢ cavitation might be ‘suspected i in the model were in excellent, 
general agreement. with pitted areas in the prototype. — - Some time after observ- 
ing the foregoing phenomena at the laboratory, the writer visited the existing 
: "prototype for the specific ‘Purpose of further investigation of the extent of 
_ pitting in the stilling basin area. 3) Visual inspection revealed a minor degree of 


at the edge of 2 tops: baffle piers in the : areas indicated 
by the model. 
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4 or 5 ft of murky w ater , making visual inspection there impracticable at at the 
time. j Careful probing, however, definitely established that there was con- 
siderable pitting of the apron floor in the very areas indicated by the model. 


As 3 ne ly as could be determined by “feel” through: the sticks used | for probing, 
‘the degree a and depth of pitting were very similar to the pitting on the sides of 


the baffle piers where the the depth ranged up to 2 or 3 in. | below the « original 


 Epwarp H. Scuuuz,* M. AM. phy sical comparisons of 
models in this Symposium cover a wide range of structures, including irrigation 
works, discharge outlets, dry dock suction chambers, lock construction, dam 
- outlets, discharge and pressure heads, sp ‘spillw ay ¢ coefficients, meter measure- 
ments, riv river improvement, and lock approaches. 
‘There are discussions of qualitative and quantitative. comparisons, 


latter of which were found to be the ‘more valuable and important. . The ratio 


prototype to. model has a wide r. range from (1:5 to to 1: 600. Hydraulic 
models should be on as large a scale as reasonable. . Perhaps hon has been 7 
* little interest in comparing performance of the prototype with the model, 


7 partly” due to the difficulty of making measurements. The : accuracy of mea- 
‘surements is important in the prototype as well as in the model. | ‘Some of the 
more difficult determinations are slope, velocity, discharge, pressure, friction, 


ete. » and these are more difficult in closed circuits than in on an, and 
nt for the prototype than for model studies. | Studies as to 


erosion, bar movement, ete. may | be ‘ecessary. 


Geometric similarity i is very important. The comparisons should cover the 
of conditions. The cost of prototype field measurements may 


Such tests are an excellent help to the pene. _ Model conditions, in general, 
existed. Discrepancies were within probably less have 
occurred without such | model tests. ‘There w were some anomalous results, 
_ however, such as pressure head comparisons. — The meter measurements of 
_ dam discharge o of the model were about 5% less than those of the oe 
_ The general agreement was satisfactory. On the river improvement the 
prototype reproduced the results indicated by the model. diversion 
- was to be expected. On the lock approaches there was § satisf actory verification. 
> In conclusion, the writer considers model tests v very u useful in the study and 
correction of hydraulic relations any structure 


accessories in the prototype during 

ments can then be made more readily and tests can be conducted at any time 

within the limits of of ‘the: structure and the range of the hydraulic conditions 

Corps of Engrs., U. 8S. (Retired), Berkeley, Calif. 
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: April, 1948 


. Mavis, 25 M. Am. Soc. C. Bs —In a singularly complete manner 


Mr. Souk has presented the results of his laboratory studies and their com- 


parisons with observations of a prototype. systematic relationship 
betneen relative discharge (submerged to free) and submergence shown in 


Soucek Model 1: 12 


~ 


73. —CoMPaRISON Moves 


Figs. 52 and reflects the precision of the laboratory, measurements. It is 


isations of the effect of spillway profile and should he 
with caution ¢ as a basis for estimating precisely the ‘relationship 


— een headw ater head, ‘submergence r ratio, and discharge over a a spillway. | 


w 


w 
> 


Clean Approach 


Coefficient Co (Eq 26) for Free Discharge 


w 


2b, The verifi ification by laboratory test that the relation | between submergence 
; = discharge wa was unaffected by the condition of the r nappe, whether plunging 7 


or flowing, should dispel misgivings for one shape of spillway at least. An 


* Head and Prof., Civ. Eng. ‘Dept. and Acting Head, Dept. of ‘Eng. Mechanics, The 
State College, State College, Pa. 


Received by the Secretary March 5, 1943. 
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Discussions 
| 
interesting problem of edeiiaiiai s may lie k behind the data plotted in 
tl In 1934 the writer conducted a brief series of tests at the University of 
Towa, Iowa City, Towa, on a model 11.25 in. high, designated Model B, in 


“es 73. - The model profile discussed by Mr. Soucek is sho 10wn for comparison. 7 


C (Eq 28) 
w 
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= Fic. 75.—Errsecrs of SuBMERGENCE; MopEL B 
wa Model B was tested in a glass-walled flume 12 in. wide under two conditions 
— “clean approach” with a level approach channel; and “silted approach” with 


a a sand fill 1 on 2.5 intersecting the upstream - face of the model 4 in. below | 


Fig. 74 shows the relation between coefficient for free ania 


and head for both “clean approach” and “silted approach.” of data 
on this basis is simpler than analysis based on Eq. 13. If a model is truly 
__ representative of its prototype, either analysis leads precisely to the same 
conclusion. Used discretely eitt either analysis leads to a engineering 


“Fig. 75 shows the relationship between s ole ergence percentage, and 


the ratio of submerged to free discharge as expressed by the formula — 
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ORMI 
Opposite > each plotted point is a figure representing the corresponding discharge, 7 
3 in cubic feet per second per linear foot of crest. The absolute rate of dis- 


charge, g q, may be recognized i in Fig. 75 as an independent variable. ——_ : 


the data plotted in Fig. . 75 might be ees in meee of Mr. Soucek's 


4.0 
“38 e =Submerged Less Than 60% — 


Submerged More Than 60% 


Coefficient of Discha 


Coe 
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oe, Hin Feat 
Fic. 76.—OBsERVATIONS OF PROTOTYPE 


discussion of Fig. 53, one may ask whether the ultimate uses of the data 
warrant the refinement. of analysis in this instance. > explore this point 
‘the generalized analysis of data from tests of Model B were compared with 

data by Mr. Soucek in Cols. 2 and 3 of Table 9. 


| s a function of the observed headwater depth, H. Observed data are classed 
_ » three categories—free flow, submergence Ic less tl than 60%, and submergence 
7 greater than 60%. . Fig. 76 shows also the curves based on tests of Model = 
= clean approach and silted approach. The conversion from model t 

‘prototype was based on Froude’s law. ~ Note that the scatter of points in ved 
first ¢ category (free flow) is of the order of ; 5% of the coefficient of discharge. — 
_ According to Fig. 53, the submergence would have to exceed 80% before the 
actual discharge would be reduced correspondingly below that calculated for 
r free discharge. — Hence, as a tentative premise one may assume that only the 

last three field observations in the third category (Table 9) are significantly 
below a valid general curve relating coefficient | of discharge and head on © 
prototype as shown in in Fig. 76. Tentatively, then, the relationship between 
: head and free discharge fo for Model B and the prototype seems verified by Fig. 76. 


> As stated, Eq. 27 in n Fig. 75 shows an average curve relating the ratio of | 
submerged to free discharge = and percentage ‘submergence, p. . Although 
this equation appears: complex, it means that the ratio of submerged rms free 
is reduced from unity by 1.0% the submergence is 70%; 

this percentage reduction i is ‘successively doubled for each h additional 1 5% of 
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ymergence. For example, 

Fora submergence the reduction 


> and the ratio 


Ast a final step, the writer ny observed data on the prototype re- 


ported i in Table 9 with corresponding data computed on on the basis of tests of 
Model B for both free silted approaches. Adjusted discharge (Col. 2, 
‘Table 9), headwater | depth: (Col. 9), and tailwater depth (Col. 6), were wed 
as the basis for a spillway 273.50 ft long. The maximum difference between 
field observations and cor responding calculations: based on tests of Model B 
with the generalized submergence correction (Fig. 75) was 11% for the model 
with clean approach and 13% for the model with silted approach. These 
values correspond to a maximum difference of 15% in Table 9. 7 The mean 
absolute percentage difference between Model B and the , prototy pe was 3. 8% 
for the clean ‘approach | and 4. 2% for the silted approach. These data corre-_ 
=o mean absolute percentage difference « of 6.0% in Table BR 


The conclusions seem justified, therefore, that— 


The differences in model spillway profiles shown in in ig. 73 are not 
in reflecting the behavior of the prototype under conditions of free 

and submerged discharge; and 


The generalized relationship between submergence p, and 


the ratio of submerged to ‘free discharge, om as expressed by Eq. 27, is valid 
within the scatter of field observations on the pr sepia 7 


(17) “Ober die Ahnlichkeit bei flussbaulichen “Modeliversuchen,” by 


Einstein and R. Miller, Schweizer / Archiv Wissenschaft 
(42a) “Weir , and Formulas,” by R. E. Horton, 
ater and ‘Irrigation Paper No. 200, U. S. Geological Survey, 
1907. (Original ‘source: “Report | of the U. S. Board of Engineers on 
Waterways,” 1900, Pt.I,p.291.) 
“Die Internationale Rheinregulierung von der Ilmiindung bis. 
densee,” by Karl Bohi, Schweizerische Bauzeitung, Tol. 109-110, 1937, 
) “Formulas for the Transportation of Bed Load,” by A. Einstein, 
__ Transactions, Am. Soe. C. E., Vol. 107 (1942), p. 561. ae 
om" “Beitraege zu zur Frage der - Geschwindigkeitsformel und der Rauhigkeits- 
zahlen fuer Kanaele und by A. 
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DISCUSSIONS 


CONTRIBUTIONS TO. “MISSISSIPPI 


HYDROLOGY) 


C. Ss. Jarvis, a M. Am. Soc. . C. -Mr. Davenport. has contributed an 
interesting, thought- provoking discussion, which discloses specifically w hy the 
most. + earnest attempts at evaluation and interpretation of early discharge 
records are under such a handicap, in the judgment of those best equipped to 
the project forward or to’ encourage and guide other investigators. 
4 7 Against all the implications that such a task cannot be accomplished with even 


a fair degree of reliability, only one answer is ventured: 
ae Every independent, unbiased, logical approach toward the ev valuation - 
~ and coordination of those early records pays a tangible dividend, either by 
- establishing, confirming, or revising usable estimates and approximations. - 


We are surely nearer to the truth now than we were before any sustained 
attempts w ere made at evaluation. Further investigations and revisions 
Thus far, confirmations have resulted from various 


are invited. — 


A. Acting in conformity with basic legislative | and administrative authority, 

Humphreys and Abbot collected available pertinent information concerning 

flood heights, « crev: asses, levee e construction, ‘and dimensions on the Mississippi 
: River, 32 “and well authenticated changes i in the banks of f the river, etc.***. In 

y | each set of cross- -sections, hwo of the current wi as measured—in some 


as for the | rating curve for the early years of record, was the 1858 series of a 


discharge and ¢ gage readings at Vicksburg, Miss., Natchez, Miss. As 


” Somme paper by C. S. Jarvis, M_ Am. Soc. C. E., was published in March, 1942, Praseetions, 
Discussion has appeared in Proceedings, as follows: September, 1942, by Messrs. Robert Follansbee, and 
R. W. Davenport; November, 1942, by Charles Senour, M. Am. Soc. C. E.; December, 1942, by John C. 
Hoyt, M. Am. Soe. C. E.; and February, 1913, by Messrs. George O. Guesmer, and H. T. Cory. _ 


Hydr. Engr., Corps of Engrs., Washington, D. Cc. 
Received by the Secretary January 26,1943. 
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opposed t ai such a theory, note the comparison — methods used for float 
- measurements in 1851 and 1858 and, also, the unsatisfactory tests of Saxton’s 
current meter. all Some of the following Teferences prove that fragmentary 
data were peered prior to 1850 (some as early a as ; 1838), and that the results — 
_were available for incorporation in the final report 
bib ‘Among: the many references that ‘establish the broad s scope of investigations | 
included in the Humphreys and Abbot report, the the following ha: have been selected :** 
“The corresponding velocity, taken from -a table _constructed for the 
purpose, was considered to be the mean velocity of the division—absolute 
for the observations of 1851, and relative for those of 1858. For the shore 
divisions, unless the floats happened to be well distributed through them, 
the mean velocity was assumed to be eight-tenths of that at the outer edge, 
a rule deduced from a subdivision and study of the velocity, when thor- 
oughly measured in these divisions [200 ft apart.” —S 
Also in this report, included i in George G. Meade’s  letter,** is a brief. descrip- 
_ tion of his extensive observations relating to current: directions, and 
vertical distributions i in and around the delta channels during the year 1838; 
there is a reference® to the 90-ft cord used for connecting the surface float 
: with the submerged float. The location” of the maximum velocity i ina — 
“of 100 ft is given as 30 ft from the surface—a fair app ‘approach to what is acceptable 


Furthermore, there are numerous references to records and measurements 


by It. fs Marr, Prof. C. G. M. Am. Soc. 


discharge at together with weekly evaporation, April 1 to 
July a ne ae data, March 1, 1850, to March 1, 1851, and related 
a After describing the discharge and ide ant on the Lower Mis- | 
‘sissippi River fi from 1851, to February, , 1852, and fr from | Decembers 
+1857, to December, 1858,*° © Humphreys and Abbot declared, “Besides these 


all euch data underlay the discharge citations | for the 3 33 years listed i in 
‘Table 1. . These values are of acceptable quality, a as proved repeatedly by | 
various a approaches described hereafter. ee 


Even though the scope of the statement other measurements 


G “outside the continuous series may apply mainly to the one decade covering the , 
-Humphreys ‘and Abbot assignment, “the aforementioned and associated refer- — 


8 “Report on the Physics and Hydraulics of the Mississippi River,’’ by A. A. Humphreys and Henry > 
L. Abbot, Paper No. 18, U.S. 8. 1876, 234, 


Tbid., p. 664. 
Ibid., p. 661. 


Ibid., pp. 129, 202, and 37 378-304, 
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pr 3 JARVIS ON MISSISSIPPI RIVER 
— 
ences indicate that itis is applicable i in some some degree for the years preceding 1850. 
Thus, the persistent attempts to evaluate the tributary, main channel, and 
- erevasse discharges, and to correlate these quantities at successive stations 
from Columbus, Ky., to Carrollton (New Orleans), La.,' 1 unmistakably indicate 
- the avidity with which the authors incorporated b basic data and extended their —_ 
use within practicable limits. Unquestionably, some e of those segments sof 
-gage- -height hydrographs for the Natchez, Vicksburg, and New Carthage, Miss. o 
"stations (the latter lying between the first two),” for 33 ‘years, 1818 to 1860, 
: were associated with series of discharge determinations, by ‘means of floats; 
either natural—driftwood + and uprooted t trees—or artificial—w eighted ed rods ¢ or 
i multiple floats— —as noted in various pages ges of the text. : Otherwise, the si ‘separate 
4 a s of discharge by Lie Lieutenant Marr, Professor Forshey, : and d Mr. 
Ellet cannot be accounted for nor accredited reasonably. wot 
The rating curve for the earliest biennium of record at Carrollton, 1851 il 


as 1852, depended on more than 100 separate gagings, of which 21 were definitely 
_ dated on the chart. There an be no reasonable doubt that the earlier frag- — 


_ mentary or detached data were incorporated in some manner to make the | 
rating curves more nearly representative of conditions: during earlier 
| ise, it would be difficult to account for the close agreement in the last 


two Table 4, showing 33- -yr means | of 614,000 cu ft 


last 10: years af thes same tabulation differed 0%. It would be 
: gratifying, indeed, if one could be assured that stream-discharge determinations 
under the most up-to-date, standard practice could stay within such close 7 
bs or that the separate records of earlier periods © were within limits five 
times as great. 
7 Fig. 5 is of unusual interest because it follows the general form of patterns _ 
t in earlier years by the Mississippi River gagings at Natchez, Vicksburg, = 
| and Warrenton, . Miss., beginning i in 1858; at Columbus, in 1857; and at Car- 
-Tollton, as early as 1851. For the last- -named station, well- -defined - ; 
of rating curves are available for twenty-one separate years or groups of years — 
_ between 1851 and 1929. They all lie within the limits of those curves selected _ 
_ for inclusion in Fig. 3 for Carrollton and are numbered chronologically from 
“the earliest to curve 6, the rating | curve for 1929. With few | exceptions, the 
— successive patterns at all gaging stations on the Lower r Mississippi R River show 7 
‘deviations of more nearly + 5% as against ck 10% i in the positions of rating 
near El. 34 (Fig. +5). The most outstanding exceptions are afforded 
by the records of river gagings at Columbus, for the years 1857-1858, and 
1881-1882, showing somewhat greater variations | than + 10% » This pro- 
nounced variability persists in diminishing degree at the same station to 
— include the year 1937, according to the writer’s interpretation of official data, 
published mainly by ‘the Mississippi River Commission. This analysis seems _ 
to provide a tentative answer to the query, for which Mr. Davenport admitted 
‘ he had none, as to how nearly typical was the variation in plotted gagings for 


L. Abbot, Professional Paper No. 18, Corps of Engrs., U. 8S. Army, 1876, pp. 128-132, 182, and 372. __ 
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ON MISSISSIPPI RIVE! 


shifting of rating curves. for 


Recent official records for the Low ‘Mississippi River stations disclose 
-" consistent relationships. generally, but occasional departures. of 5% o or more for 


gagings by different agencies: (or even | by the same a with the river 


G surface elevation } practically constant. 


a i. Would it seem inconsistent to ascribe some portion, possibly approaching 
one half of the aforementioned 20% variation for the g gagings in Fig. 5, to both 

the personal equation of the operators and the inherent defects or erratic 

-movements of current-meter vanes due to suspended silt and fine granular 
a or other debris encountered in all such rivers, but never in the standard 
2. With all the refinements now ‘applied to. the measurements of depths 
“intervals a along the cross s section, what uncertainties still persist because the 
heavy so sounding weight settles into the mud or silt of the stream bed or because 
it encounters either a ridge or a valley? re 
. 3. Is the square foot, or portion thereof occupied by the current meter for 
i. purpose of determining velocity « of flow actu: ally representative | of the 


<< thousands or tens of thousands of such elementary areas within the cross 
section for which it s serve es as a sample? - 


In view of such unsolved problems as W ell as ‘the shifting of currents and 


i bars within a cross section and in view of the pulsations of waves or ‘unpre- 
_dictable movements of eddies in the course of t turbulent flow (with all other 

uncertainties inherent in stream gaging on deep alluvium even where the best 
practical s standards prevail), it seems noteworthy that such consistent rel: ation- 

‘ships have been developed and maintained between river stage se and discharge. 
- No less amazing are the results achieved normally i in connection with the 
a early gagings of the Mississippi River system without the conveniences afforded 
by fixed bridges (being dependent upon floating equipment and shore installa- 
tions or observations, as well as extra labor and nd ingenuity) to accomplish the 
"difficult: assignments ‘ender conditions. s. Surely, some ‘compensations 
must have accrued from the direct measurements of ‘stream velocities by 

w veighted rods, multiple. floats, or uprooted trees. This. procedure ‘integrated 
and averaged the movement within much larger samples of cross- sectional ar | 
furthermore avoided the ‘inherent approximations of rating tables for 
- current meters and the recognized uncertainties involved in.their practical use. : 
There i is some reassurance in the observation that velocities are determined 
by the use of floats to . this day, , when circumstances warrant, either for flood 
Bevo or for routine gagings; and results are duly published along with those — 


obtained by the use of current meters, v with symbols to indicate whether one | 


or two meters, double floats , rods, or surface floats were employed. | Many 


eurrent-meter gagings have had the adventens of float measurements to test 


the action of the ‘meter vanes, even n though | these experiments were 1 not neces- 


sarily included i inthe published reports. = 


Mr. Follansbee ‘Some very notes 
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MISSISSIPPI RIVE 
ad ‘Mr. Hoyt has written his impressions, based on a much broader experience | 
than comes to most. With deep gratitude the w Titer acknowledges the en- 
, couragement accorded by Mr. Hoyt, particularly i in the projects for evaluation 
and comparison of flood data pertaining to foreign rivers, , such as the Nile, as 
ow well as to American rivers, especially those with the longer records. : 
Mr. Senour has contributed a ‘a number of important items that w ould be 
difficult to obtain outside the central office of the » Mississippi River Commission. 
Fig. 6 provides an an authorita ative answer to many queries that have been directed _ 
the writer, as: to the ‘stability of stage- -discharge relationships at | the 


lower sta itions. Bee: ause the 4, 900 sq miles” of interve ening drainage a area 


= Vicksburg and Natchez represent only 0.43% of the total, although - 
the proportionate runoff was more nearly 1 %, the data at each of these stations 
have served at times for both, with the single percentage differential taken 
into account wherever er circumstances warranted. — Inclusion of the complete 
data for 1937, w hich 1 were not available when Fig. 2 was as prepared, provides an 
added rating curve, as described by Mr. , Senour, to the right of curve 6 for - 
For 1941 the ‘rating curve is still eather to the right, according 
to the U. S. ¢ xeological Survey, presumably measuring the i increase of channel — 
‘eapacity resulting from cutofis. The Natchez gage readings were about 5 ft 


higher for equal discharges, trac eable to a lower datum with respect to hydraulic 


slopes for successive stages. 
va The three crest stages for Carrollton for the years 1832, 1840, wall 1844, to 
which Mr. Senour takes exception, were merely transcribed along with associ- 
7 ated data in Table 3 from Pr ofessional Paper No. 13. a If the several « curves es 
5 of Fig. 3 3 pertaining t to Carrollton gagings are plotted or superimposed on Fig.7, — 
these rating curves will be found to cover approximately one half of the dates 
the strip. This a shows that the variations among single 
curves. WwW hen it 
the extreme variations in Fig. 5 equal those in 
Figs. 6 and 7 (the latter two covering 90 years instead of the single year 1938), 
the factors of the personal equation of operators and the practical limitations — 
- the accuracy of current- “meter gagings seem to demand consider: ation. | 
In re response to Mr. Senour’s request for clarification of data presented ir in 
‘Table 7 7, it should be noted that the writer aimed to record the progressively 
‘increasing g concentrations of flood water associated with peak discharge and — 
aggray ated soil wastage, including both the confined channel | flow and the 
well- defined storage or lateral floodway capacities then i in use. Examples of 
this concept. were reported in 1929 by C. W. Kutz, M. Am. Soe. C. E.,“ as_ 
2,662,000 cu ft per sec at the latitude of Arkansas City, Ark., in April, 1927, 
or 2,350,000 cu ft per sec near Old River, ‘La. At the same General Kuts 
(then Colonel) dealt with Possible o or probable maximum floods ; at Cairo, IIl., 
ranging from 2,250,000. eu ft p per sec to 2 ,400,000 cu ft: per s sec. . According to 
George R. Clemens,** M. Am. Soc.C.E.: 


‘Report on on the Physics and Hydraulics of the Mississippi River,’’ by A. A. Humphreys an and Henry 
L Abbot, Professional Paper No. 13, Corps of Engrs., U. S. Army, 1876, p. 443. a bscahalite i 


““The Work of the River ” by C. Transactions, Am. Soc. E., 
Vol. 93 (1929), p. 707. 


‘The Mississippi Mee the 1937 Fl lood,” by Civil Engineering, 
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JARVIS ON MISSISSIPPI RIVER 

the “Mississippi River met the first thrust of the 1937 flood. 
Cairo was the only dry city in the Ohio basin. The New Madrid floodw oy 
functioned essentially as planned, and protected not only Cairo but the 
entire St. Francis basin from a flood that most certainly would have over- _ 

topped the levees as they stood in 1927. At the crest, about 2,000, 000 cu ft 
passed Cairo, and about 500, 000 cu cu ‘ft per sec was ‘earried in the 

_ The writer’s concept was that the same 500, 000 ¢ 

"regarded : as in temporary y storage or detention Cairo. 
Tenn. The plan sponsored by the Chief of Engineers to** ‘provide for a flood 
a hich without reservoir control would reach 2,600,000 cubic feet per § second i in 

_ the Mississippi between Cairo and the Arkansas” was based on both a knowl- 

edge anda thorough understanding of the data including the 1937 flood rise, the 

-well- -organized defense of the Cairo levees, | the relief afforded by the access to to 

the New Madrid floodway, and th the potentialities o of future floods. “sy Qi 


ie. Another ‘reference which seems to support the concept of total discharge 


~ @ . from both confined channel and floodway or lateral storage is to be found in 


i} 


an article by Maj. Raymond G. Moses:* “At the crest, of course, the Arkansas- 
_ White backwater area was still taking water but the flows from those two. 
_ ‘streams w were sufficient to increase the flow in n the main river to about ; 2,150, 000 


at the crest at Arkansas City * 


The tabulated discharges for the > years 1909, 191 1916, 19% 1920, and 1928 are 


weighted 1 means 3 of. either official or semi-authoritative data. — quan- 


tities including the latest revisions should be preferable. 
Mr. Guesmer not only observed some of the initial investigations of Mis- 
él sissippi River discharge data, but also . participated to the extent of locating 


. Ras of the most valuable folios and summaries of unpublished hydrologic | 


TABLE 9.— —DIscHARrGEs, IN Cusic Fert per SECOND, FOR THE DESIGNATED 


Years or OTHER Pzrrops 


Description +938 1937-1938 1935-1936 1934 


— 


55,163 | 52,701 53,4 (87,312 53,216 


54, 009 140 «659, 030 040 


7 @ Initial filling for storage in reservoir was 1,091,000 acre-ft, representing an inflow of 1,500 cu ft per sec 


4 


data, of which the writer had no previous knowledge. | It seemed logical to 
deat first with the headwaters and then with the successive tributaries and | 
‘main river stations. The procedure thus developed was found to be very satis-— 


7 factory and capable of deriving successive discharge quantities generally within © 


48 “Comprehensive Flood-Control Plan for Ohio and Lower Mississippi Rivers,’’ Committee Document 
+" _ No. 1, House Committee on Flood Control, 75th Cong., 1st Session, April 6, 1937, p. 6, paragraph 20. | 


47 “High Water in the Lower_Mississippi,” by G. The_M: May-J une, 
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JARVIS ON 
7 5%, and often within 2%, as illustrated in Table 9 for the Tennessee River 


_ The i initial reckoning ¢ disclosed : an . unusual departure o of nearly 4. 5% for the 


reservoir comnted for the withdrawal of 1, 500 cu ft per sec from the poten 
flow. In the same manner, it was quite a - simple problem to derive the yearly 
and ‘periodic mean discharges for Cincinnati, Ohio. For this purpose, the 
observed discharges of the Ohio River at Huntington, W. Va., were correlated 
with records of the gaged tributaries and estimated yields for the ungaged areas. S. 
The latter were , either equal to or + mene less than the observed discharge 


on the Minsiasippl River and its $ major tributaries, or even the minor - branches, 


this procedure seemed to render acceptable values. 
arious tests showed that th the ungaged portions of valley floors 


it is to. estimate the yield per square 
| 4 of ungaged areas, including minor tributaries, as 80% or 90% of the unit yield 
| 7 for the adjacent gaged tributaries. — Observed and derived discharges for 56 . 


— selected from among the 400 or more available « are marek in Table 8. 


a 
4 


9. from om neighboring stations to fill all gaps; 
3. Comparisons of monthly or yearly means for the group of stations with 
the total record means to obtain excess and deficient \ 
months or years; 


4 Computations « of temperature departures from 


5. Computations of runoff | departures from record mean at the scleoted - 


ower: river station (record- -mean annual runoff depth m minus successive yearly 


6b. Comparison of rainfall and runoff departures in the light of temperature 

a Investigation o of particular storm patterns in all cases s where rainfall and 


* runoff departures are greatly at variance or r of opposite s sigms; 
hae 8. Derivation of discharge : at the lower 1 Tiver station from si oumentions of 
tributa: 


9. _ Interpretation of hydrographs: in the light of all previously assem: assembled 
data and their established relationships; and 
10. Checking the arrays of data by the use of weighting factors, ‘used in 
multiplying the different tributary discharges i in order to build up the approxi- 
mation to the lower station n discharge, year by year, | month by month, or day 
by day, if time factors, , valley ‘Storage, and flood routing are § all taken into 
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which led to these results for all important stations within the Mississippi —_ ; 
River basin involved the following principal phases: 
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JARVIS ON MISSISSIPPI RIVER Discussions 


best ‘by: practical example. ‘the quest for ‘suitable samples of 
tributary flow that may be used as an index of lower station discharge, the 
essential criteria for tributary records include not only their length, continuity, 7 
and “quality, but also their degree of correlation with discharge at the low er 
station. The Gasconade Rive er at t Rich Fountain, Mo., is outstanding for 
such correlation; the Kanawha River at Kanawha Falls, W. Va., has a record 
of outstanding length and reliability. T heir respective drainage areas of 3,180 
sq miles and 8,367 sq miles, totaling 11,547 sq miles, represent nearly 1% of the 
1,144,500 sq miles drained above ¥ ue, and the average yield i is 2.667% 
of the the total. a Evidently, an n approximation to to the a at ¢ Vieksburg 
is by taking times the vecceded discharges at Rich | 


- Fountain 2 and Kanawha Falls, according to the normal procedure for the 
“sampling method. ‘The development came | in response 


1 factor for the Gasconade River oat 
a lesser one for the Kanawha River, or vice versa?” Adopting the water years 
1939 and 1940 for the observation or test period, the simultaneous equations 


become: For 1938-1939, 


8,787 + 10,090 y = 572,600. 
and for 1939-1940, 
= 2,787 « + 18,926 y = 575,219. 


= 8, 836 y= 


y = 0.3 a 
Substituting the value of y idioces in in both Eq. 1 and Eq. 32,787 a = 569 609; 
and = 204. 3807. 
7 5 River annual discharges for the 20-yr period, 1921 to 1940, resulted 
ina maximum departure of + 46.3%, with a mean absolute of + 21. 0%, as 
recorded for Item 17, Table. 10. According to data under Item 91 (Table 
—10B), the ‘substitution of discharge data from the Greenbrier branch of the 
Kanawha Riv er, draining only 1,357 sq miles, with the Gasconade ai area, repre- 
_ senting only 0. 4%, of that at | Vicksburg, resulted i in new weighting factors of 
7 204. 9578 and 25.756673, respectively. . Undera 20-yr test, 1922 to 1941, these 
factors proved to be more ‘satisfactory than the first pair, as the maximum and 
-mean-absolute departures were reduced to — 42.4% and 15. 1%, respectively, 
for the Mississippi and Atchafalaya rivers. However, Item 22 indicates Ww hat 


may be attained by such tests with 87.2% gaged, resulting in reduced per- 


“Estimating Annual Yield from Ungaged Drainage-Basins and Effect of Land-Use Treatment_on 
by and Hi. Murto, Transactions, Am. Geophysical Union, (1941, pp. 


893. 
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pesos 80 nearly the attainable s accuracies in river gaging on alluvial ci 


that they seem to. attest the and reliability of basic data 


proof o or pr the and testing 
larly, in Item 7 (departures of — 23. 9% and 9. 6% for 65 years), in Item | 32 
(departures of + 20. 4% and 7. 9% for 52 years), and in Item 67 (departures of 
+ 18.2% and 5. 7% for 52 years), the fairly close agreement between derived 
and observed discharge data extends beyond the range of mere coincidence. 
The some. other series of w factors, sim nilarly derived, 


the aforementioned Kanaw ha River discharges | showed a larger quantity for : 
the lean year. (1939-1940) than for the aver rage year (1938-1939) at Vicksburg, 
and, therefore, the resulting weighting factor is small a shifts most of the 
burden to the smaller Gasconade River. 

Least Squares Solutions.—Items 102 to 107 i in Table 10B and 45 and 

46 in Table 10 were solved by the method of least squares. ‘The obvious ad- 

ee of this approach is that the observation period may be extended beyond - 
_ the number of years that corresponds to the number of unknow ns. Actually, . 
the practic: al application of the simplest algebraic approach was found to. 
accomplish the same results. For example, a a 20- -yr period may be divided 
into four groups of 5 years each: and used effectively for the determination n of 
four unknown weighting factors, as shown in Table 10, Item 54,0 L ; 
__ After a searching investigation and numerous tests, the most significant | 
of which a are summarized | in | *”, it was found that ~~ method of least 


simplest algebraic appro: ach with simultaneous ‘equations, or a 


generally comparable series of factors. Occasionally, the results from the 
least squares procedure sho show up to advantage, but more often the advantage _ 


7 was with the simpler approach. "Wherever the constant value is included 
| Zea the unknowns, the summations of normal equations direct the solution ; 


toward the series of factors that will satisfy the arithmetic means of the observa-_ 
tion equation coefficients needs therefore, will not likely satisfy any one of them 


Separately 
_ The main objective of Tables 10 is to illustrate some of the methods used : 


“both j in extending the records and also in checking the values thus derived as _ 


to their consistency, o one with another, in the light of such fragmentary or local 
Tecords and such other information or authoritative interpretations as 


_ These and associated tests have disclosed errors in some of the published — - 


F ‘basic. data, and have indicated the re required correction. . For example, the mean 

annual discharge of the Missouri River a at Hermann, Mo., for t the calendar 
year 1925, once published as the equivalent of 76,130 cu ft per sec, was found. 
7 be more nearly 50,000 cu ft per sec by various tests similar or related to’ 
hose in Tables 10, also by reference to ‘the established rainfall- runoff 
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area, sq miles... 


a DETERMINED EITHER BY THE SIMPLEST SOLUTION OF Fie, 
in Columns Headed by the Names of 


Huntington, 


1894-18959 | 
1934-1938¢ 
1939-19402 
1938-19399 
1938-19399 
1934-1938 
1933-1938¢ 
1935-19402 
1934-19399 
1934-19399 
1934-19382 
1934-19389 


1927-1929 


1933-1934 
1933-1934 


1937-1938 | 


| 1933- 1939 
1933-1938 
1933-1939 
1933-1938 


1933-1938 
1934-1938 


4, 4 Using 5-yr Means: 
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1914-1938 
1914-1938 
1919-1938 
1919-1938 
1924-1938 
1924-1938 
1929-1938 


Yearly Means: 


1934-1938 
1934-1938 
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Le e Claire, 
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88 600" 
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. 


203,000 


Hermann, 
Mo. 
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—0.540756 
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1.582193 


1.637119 
545347 


1.422663 


1.214501. 
1.163258 
1.107809 
"792211 


1.216067 
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140.68 680963 
/174.631612 
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2 1.417405 
0.739574 
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Fountain, 
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Ark. 
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Alexan 


000" 
0004 


“92! 
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0.68856 
0. 44926 


2.672776 
0.305337 
0.624616 
7.911413 
1.342141 


0.690306 


1.233898" 1.233898 


1932- 19410 90.2 
| 1982-19416 1.375846" 1.375846 
@ Lower river stations. Sere additional values i in Cols. 8 to 17 see Tables 10A ond 10B. 
are drought years except 1939 (an average year). / With Atchafalaya, Simmesport, La. 9 Disc 
* Additional related tests. 4 Some revisions of data from Transactions, American Geophysical Union, a 
for the test period were divided by the sum of designated tributary discharges to obtain the ratios, « . 
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B scion constant. # Mean absolute (values approximate). ¢ Flood year, in the columns, unmarked years 
Net years ending September 30 of each year so listed. 4 Referring to the gaging stations in the main ko your 
be uares, and normal equations solved. Mean discharges at the lower 
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relationships a as applied to that year at the stations involved. 


numerous maximum departure | percentages recorded in Col. 
the lower station discharges for the y ear | 1931 are probably deficient and should 
7 be increased by a at least 10%, 1 revising data of that year prior to July, when the 


Discuss ussions 


Likewise, the 
25 indicate that 
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(ITEMS 
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Test 


anooga, 
Tenn. 


Greenbrier | Tennessee] Cumber- 


Alder- 
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cothe, 
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4.96272 7.3593 
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1932-1941 
1932-1941 
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2.453260 | 2.453260] 2.453260 
1.690571 | 1. '690571| 1.690571 


18. 3 
38.7 
57.0 


5.437880" 


1.690571 | 1.690571 
fet in the 
Additional 


44, Col. 16, 
md derived 


a Lower river stations. ¢ Weighting factors constant. ¢ Mean absolute (values approximate). -¢ Flood 
ss ater years ending September 30 of each year so listed. * Referring to the gaging stations in the main heading 
sums of designated tributary discharges to obtain the ratios, or uniform weighting factors listed above. |” In we 
" For additional values in Cols. 4 to 9, see Tables 10 and 10B. ° — the latest revisions of both obser" 
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ae il results w ith those from the — 

7 es: algebraic method whenever the unknowns, the tributary stations, and 
years or other time units in the test period are all equal ir in number. | Values — 


‘derived in connection with constant term, Ww hich the 


— 
test 
anc 
equ 
the 
6,3104 55,2004 
1 Kanawha | Johnson- | Clarks- 
Falls, | ville, ville, | 
_W. Va. | Tenn. | Tenn. 
203, 
000 
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test period by one year, represent mean for the test period, 
and therefore should not normally satisfy ‘any of the individual observation 
The aforementioned observations are not intended to disparage the use et 
the least squares procedure in its proper field, for it has done much to facilitate 
(Ires 35 To 44 ITEMS 112 ro 114) 
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ese e columns unmarked years are drought y years except, 1939 (an : av erage year). 9 Discharge data for 


d derived i in estimated data. 


? All ten stations. 


! Mean discharges at the lower river station for the test period were divided by the 
the assumption indicated refers to the gaging station at Franklin, Pa. (drainage area, 5,982 sq miles). _ 


@ Slide-rule calculations only. 


Scientific analysis and research. However, the criteria for the application of 
that marge are violated mostly i in hydrologic fie field, especially as to a large 


in Table 10 represent nd best of 
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 Gaging station 
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Means, and: 
68 | 
(1940-1941 
Yearly Means Only: 
75 | 1938-1939 
1922-1941 Means, and: _ 
1940 
1941 
1941 
Five-Year Means Only: 
1927-1941 


1927-1941 
96 1941 
1932-1941 
98 1927-1941 
1927-1941 


1932-1941 
-1932- 1941 


‘Means:* 
102 =| 1927-1941 
103 | 1927-1941 
104 1927-1941 
105 1927-1941 
106 1932-1941 
107 


110 1932- 1941 


Means Only 
109 | 1932-1941 
1982-1941 
113 1932-1941 
1932-1941 
1932-1941 


Lower river stations. 


Simmesport, La. 


° Discharge data for water years ending September 30 of each year so listed. 


Vicksburg, 
Greenbrier 


Gasconade q 


Little Rock, Kanawha Falls, Angola 
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‘8 367 1,242,700 
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1922-1941 
1922-1941 


e Weighting factors. ecnstant. Mesa (values approximate)._ 
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4 Mean discharges at the lower river station for the test period were divided by the sums of f designated tributary 


missing columns, 


see Tables 10 and 110A. 
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(Irems 68 To 1 


DISCHARGES FROM OBSERVED AND OTHE 


Checking Period Years, Showing Wide Range of Yield 
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in | Absolute¢|Maximum| 1927¢ | 1931 | 1932 | 1937¢ | 1939 
(22) | (3) | (4) (25) | (26) 
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6 | +16.1 
$42.5 
+42.5 
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 +38.9 
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+43.8 
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+38.9 
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+30.3 
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41 | 138 —21.0 | -1 3 102° 
122 3.8 8 | 103 
| 122 | — 1983 
| 155 | —16 ] +486 | -25.6 | 104 
ise | 73 +325 | -28.0 | 2 | 105 
13.9 — 2.1 | +29.5 | —28.3 5 | 106 
| 11.4 99 +25.9 | -29.3 | -1 | 107 
14.3 (25.8 | +20.9 | -—21.1 | 
“8 12.8 — 12 | | -27.1 | 
| UL. 422.9 | -273 | a 
| 74 —15 +126 | +120 | 
941 +13 50 | +118 | — 0.6 | +43 4118] — 
+1.6 2.5 5.2 | +30) +04] — 
Flool in these columns, unmarked years are drought years except 1939 (an average year). ‘With Atchafalaya, 
oferrinf Bo the gaging stations in the main headings. * Computed by least squares, and normal equations solved. a ’ ei 
ibutst to obtain the ratios, or uniform weighting factors above listed. * For further information ‘Tegarding 
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outed, i in with 13.7% for Item 47. 

According to authoritative analyses of probabilities, 49 the standard error ” 
the . standard deviation should be as large as the deviation itself w henever the 
number, n, of observation equations a and unknowns is equal to 3; and for n 
equals 10, he: odds are 3 to 2 that the calculated probable error is within 20% 


_of the correct value; furthermore, the odds are 30 to 1 that the error is within 


investigations underlying this ‘paper have demonstrated that the 
- suitability or representative character of the observation equations far out- 
weighs the influence of ‘number. | Some arrays of | data covering only 2 or 3 
= . Years | have outdone other arrays of 6 or 7 ye ars, or such numbers as 10, 15, 
or 20. One test of 25 years in groups of five each, yielding a set of five 5-yr 
a ‘means, was found to to have imposed so many cor conditions that the weighting — 
factors were unwieldy and thus useless for the purpose intended, with constants _ 
exceeding ¢ 6,400,000 cu ft per sec and 8,200,000 cu ft per sec, respectively, for 
Vicksburg and Angola-Simmesport, Items 53, ‘Table 10. 
ohana The only basis thus far disclosed for satisfying tl the fundamental criterion 
(that the sum of the squares of deviations shall be a minimum) involves, ¢ either 
directly « or indirectly, some multiple of the arithmetic means of the respective 
coefficients appearing in the observation equations. Comparable results may 
be had by including the means of all or of a part of the test period, , along w with | 
any desired numbcr of seemingly representative yearly data, as illustrated by 
Items 92 and 93, Table 10B. Somewhere within the tw ilight zones of mathe- 
matical probability, fantastic legends | have grown up, attributing almost magic 
powers to the least squares ‘procedure, when simpler methods achieve either 


identical or comparable results, as shown by many oes associated with those 


Mr. Cory’ s comment regarding an extremely low stage of the Ohio— River 


at t Cincinnati iain a simple test, based on official records as shown in 


» 


TABLE 11 IN av Manemrra, 
Critrcan Montus, 1933-1936 

6.84 5.08 | 2.58 

September 0.67 | 


4 
34.66 | 42.46 


A er examination of the foregoing data in the: light of the dom o corre- 


the conclusion the time of minimum of the Ohio River 
at Cincinnati was September, 1834, in the second successive month of sub- 


Fri 49 “Handbook of Engineering Fundamentals,” by Ovid W. Eschbach, Am. ‘Telephone and Te Jegraph 


Co., John & Sons, Inc., New York, N. Y., 1936, 127, 
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~ normal —— nd in a year of drought following a a slightly sub-normal year. 
As to the actual discharge, it might have been anything from 3,000 to 5,000 
cu ft per | sec inasmuch as such minima have been observed from | Huntington 
to Louisville, Ky., , within recent years. A channel cross section of about 70 
ft by 10 ft might have been spanned by those early | steamboats. © As mean 
velocities of 4 to 7 ft p per sec would account for such minimum discharges, there 
is no occasion to challenge the veteran’s boyhood n memories; they correspond 
with the » probable conditions of flow. : 


| It is worthy of note that the same year that marked. the establishment of © 


me methodical rainfall records at Marietta, Ohio, and of Mississippi River gage 
heights at Natchez, s: saw the election of the eminent scientist, Pierre Laplace, 
to the presidency of the French Academy. — Napoleon’s complaint upon the 
oceasion of his dismissing Laplace from the office of Minister of the er’ 
hed to do with “administration on the basis of differential calculus,” “of 
-_infinitesimals, according to other translations. 
ce The accustomed praise accorded the Humphreys and Abbot lidudeate 
data and findings, coupled with the practical disregard and discounting to. 
which they have been subjected entirely too long, may well have its origin ine 
the application of calculus or ( the Laplace and Gaussian theories of probabilities 
to data in the rough, where practical application ofe experience and the ‘simplest 
‘mathematical ames would have served better. Intensive studies of those 
- early data pertaining to the Mississippi River system would have been ‘richly 


Tepaid if no other result had been achieved than disclosing the fruitless hours 
| devoted to building up the usual normal equations, preparatory to their solution 
as simultaneous equations, when the basic observation equations are capable 
of yielding either identical, fairly comparable, or more satisfactory values of q 
the respective unknowns, as described herein. This comment in no wise 4 
the use of calculus, probs least equares, or other preferred 


application of such procedure, either inside or vibe their respective provinces. 
The gross errors ; inherent in either the instrumentation, the sampling, the 
observations in the field, or their interpretations i in the office, or the summation 
of these defects, w ould seem to disqualify the ordinary ru run- of- the- -mill hydro- o 
- logic data for analysis by the method of least squares, where large numbers of — 
small deviations constitute the most suitable arrays. i _ Nevertheless, the normal ; 
alternation of plus and minus errors seems to effect such compensations so as 
to render the best attainable values of rainfall and runoff ; and these have con- 7 


sistently 1 withstood the most practical tests as to their suitability ‘and reliability 
for: the purposes intended—evaluation, conservation, and utilization of water 


Corrections for. ‘Transactions: March , 1942, pa page 422 
Table 1, Footnote change “billions of cubic feet per s second’ to “billions of 
- cubic feet | per year”; on page 432, ‘Table 5 5, the runoff excess for 1855 should be 
2.49”’ instead of “2.49”: and on P. 438, Fig. 3, (0), change 
“1910” to ‘ “1851. 
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DISCUSSIONS 


STRAINS, STRESSES, AND SHEAR IN _ 
ENGINEERING PROBLEMS, 


By M MEssrs. GOODRICH, ‘MAURICE N BUREN, 


JOSEPH WISE, AND B. HALL 


= 


M. Goopricu,* M. Am. Soc. C. ‘he newer ‘theories a Sandel 


nee 
and ‘Schleicher’ are ir in better agreement with tests than were the older theories. 


of length in the long diagonal in a a 
‘element to b be the ‘measure of allowable distortion and equates this to the 


- distortion under a single axial load to obtain: his criterion of safety. = 
follows the sa same (or of 


ratio. 


.—COMPARISON OF Stress THEORIES? 


@ oz is the unit stress in 


| Stress at right angles to oz, 


To illustrate the procedure, consider the case of pure shear in comparison 


ith tension. 1 a ‘single tensile load the distortion € = 7 and & = 6 


; and for the d liagonal, 


Nore. —This paper by Silas H. Woodard, M. Soc. C. E., was published in 1943, 


4Cons. Engr., The Canadian Bridge Co., Ltd., Walkerville, Ont., Canada 
Received by the Secretary February 23, 1943. 
5 Stahlbaukalender, 1937, p. 24. * 
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case of shear only wig . 6), since the ct — of investigation is site: 


: wey a cube of the same s e at 45° with the old cube is its equiv ia In 


7 


‘this ne new w cube each ur stress equals. the old unit ; shear sar stress. The 
change of length of diagonal in the square i is = Ver + Now 
Accordingly, the distortion of the long diagonal of the square (which, s seal 
€é; = 0, is also the distortion of the long diagonal of the cube) is _ — 


T +242); or, = 0.3: 


Equating formulas 22 an and 23° 


- When the bearing surfaces testing a stone cube are well greased,’ the character-_ 
istic pyramids shown in Fig. 7 no longer appear, and the pressure required to’ : 
break the cube drops to one half or less of what it is where friction helps the 
specimen, 


The stresses indicated in Table 2 are to be taken as - equivalent stresses. 7 
Consider a | steel cube under compression in the vertical direction; its sides 


bulge. and then flow when the elastic limit is exceeded. ‘The: w writer was 1s taught, 
.7 - still believes, that the sum of all forces in any direction s should equal zero. = 


P. van Buren,® Assoc. M. Am. Soc. C. E.™ —Interesting ad- 


ventures in mathematics can be developed from false premises. — _ In referring 
toa concrete cylinder subjected to axial pressure in a compression testing — 
7 machine (see heading, “Fundamental Problems of. Stress in Terms of Strain’’), 7 
theory the diameter of the cy Jinder will expand in the 
proportion of Poisson’s ratio and, acting normal to the direction of the 


iiber Technische -Mechanik, ” by August Féppl, 9th Ed., III 68 68; see also “Zwang und 
* Cons. Engr. (J. Di Stasio & Co.), New York, Y. 
* Received by the Secretary February 23, 1943, 
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One of these 
is Eq. 12 y which ¢ expresses a a difference between the intensity. - of normal force and 


normal stress on a plane. 


In the ge generally accepted theory, the effect of an axial force on the dimen- 
a body resembles temperature change in that, for given conditions, 
‘there i is a natural size and shape which the body tends to assume . Lateral 
on from such causes stress only if 
i is 
from Fig. w where, by the principles of be no 
resultant lateral force t unless external compression forces are applied to the ; 
7 - sides of the e piece. Howeve ever, in short thick cylinders, the inner layers ected 
_ restrained by the resistance of less heavily - loaded outer fibers, causing a a bal- 
ance 2 of equal and “opposite internal circumferential forces. The amount of - 
these forces will bear a definite relation to Poisson’s ratio and may explain 
lateral tension failures under compressive tests of certain brittle materials 
already ‘subject to high initial cohesive stresses. 


If derived correct concepts, formulas expressing the stresses and 
strains involved in lateral expansion and contraction will follow accepted 
theory and can he foondl in any standard | handbook of mechanics. — Such 
deformations naturally : affect the behavior of all materials, toa greater 0 or less 
extent, depending on particular characteristics, shape, loading, anc and initial 
stress. In any e event, in themselves, the deformations prove nothing r regarding 


the fundamental causes of failure in general. — 


AL Wise, M. Am. Soc. C. Es °@__Some interesting ‘ideas are pre- 
sented 3 in this paper, but unfortunately some fundamental errors are involved 
that vitiate most of the conclusions. — . The first of these errors: is the tacit 
assumption that in an elastic solid there must be a stress | proportionate to, and 
in the direction of, every strain. . Consider the illustration, used in the a, 
of a concrete » cylinder with a w a uniformly distributed compressive e force ce applied 
axially. _ ‘There i is a lateral strain of u times the axial strain (u being Poisson’s 
ratio), but it does not follow that there is any lateral stress. Incidentally the | 
‘paper limits its discussion to co- -planar states of stress, although, for a thorough 
eg 8 oe a possible triaxial state of stress must be considered. = 
“Fig. 8 shows a concrete cylinder. with a compressive load applied in the 
_ direction of the z-axis, so that the unit force or unit stress. is Oz. _ Assume com- 
plete freedom of lateral displacement on the end surfaces in order to avoid 
unnecessary complexities introduced by lateral restraint. The state of stress 
will be assumed homogeneous; that i is, all elements is will have the same stress, 
oz . Take an an element at the outer surface, as shown. On inspection « oz = = 0, 
-% since there i is no external force applied in the x-direction. — Similarly, oy must 
be zero, otherwise one could not satisfy the equation ‘of static. equilibrium, 
y . From tests it is known, how ever, that: transverse e strains occur; 
and therefore strains occur, but no stresses, is the x-direction and. y- -direction. ‘a 
It would do no good to assume any hypothetical arrangement of tensions on the 


9 Lt. Gunde. (CEC), U. 8. N. R., Public Works Office, 3d Naval Dist., New York, N. Y 
by the Secretary March | March 1, 1943. 
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E 


,-direction Ww be to any such set of w ould not account 
for lateral strain. ‘The same error renders Eqs. 8a and 8b of the paper incor- 
Then i in Eq. 8a, f, is not equal to 


5n, and likewise Eq. 8b is incorrect since 
the stress is not necessarily equal to E 
_ times the strain. This error is implicit 
in the complex definition of stress used 
j in the paper : and invalidates most of the 
"subsequent w york. In defining stress as 

normal force per unit area which is 
7 accompanied by, and i is proportional to, 

| 7 strain in the same direction, an unneces- 
sary and unusual limitation is placed upon 
the concept of ‘ ‘stress” and, by implica- 
£ tion, this leads to the erroneous concept 


that ¢ ev very strain must have a stress pro- 
ere to it and in the same ‘direction. 
‘Definitions a are limitations imposed 
on words so that speech and writing will 
convey more accurate concepts. 
setting up his new definitions of stress, 
the author does not convey more a accu- 
rate concepts s thereby and no longer is 
using the language that is basic to the 
various theories of failure enumerated. 
‘The customary d definition of stress, heretofore used, is that shen ress is -” orce per — 
unit area within a solid. is amplified by defining normal (tension 
or compression) as force per unit area acting perpendicularly to the area in 
question, w yhereas shearing stress is force per unit area acting parallel to and 
on the surface of this area. Since most of the references to o the subject under 
discussion used these definitions, the writer will use them also. it may be — 
“pointed out that some of f the errors inherent in the paper arise from the defi- 7 
nitions w hich implicitly contain false assumptions. ‘This is the reason for 
Tejecting the proposed definitions and adhering to the ‘customary ones. Based 
on these generally accepted definitions, the value of the for 
Table 1 of the paper have ve been recomputed in in Table 3. 
In In stating that the Maximum Stress Theory and the 3 Maximum Strain - 
nay are inseparable, the author fosters ¢ a misconception that stems from the 7 
proposed definitions. . The Maximum Stress Theory is the naive one which 
‘states that materials rupture when a definite maximum normal stress e exists. >. 
a This has been shown to be untenable, and Table 3 shows how far from true it is. 
-—‘Thet tensile strength of the aluminum was 23,400 Ib per sq in.; yet all the speci- 7 
3 mens failed at lower tensile stresses. — In test 3SA7 , although the tensile stress 


Was only 56% of the ‘ultimate tensile strength, ‘rupture occurred. 


! 
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STRESSES, STRAINS, SHEAR Discussion 
The’ Maximum Strain Theory, which states that ‘materials w 
‘maximum -elongational strain occurs, is the theory usually considered le 


- pe capa for the failure of brittle materials such as concrete. The interpre- 
tation that the strain must be due to a stress in the same direction is incorrect, 
as has been shown. — The ‘proper interpretation of tests on concrete mentioned 


byt the author, according to this theory, is that in pure tension specimens the 

-elongational strain is equal t to =, si course, and failure is ascribed to excessive 


strain, not excessive stress. In a compression specimen n, when the lateral 
strain reaches” this value, failure occurs although there” is no lateral stress 


TABLE 3.—RECOMPUTATION OF AND MinimuM STRESSES IN TABLE | 


12 712 


i The “Maximum Shear Theory states that materials fail when the shearing 
stresses reach the strength of the material. _ This is in 


theory h has been modified by Mohr" t to make the shearing strength af “oe 


the maximum tensile stress and is in ‘somewhat better aren with some 


be best illustrated by n means of Mohr’ s circle of. stress as in Fig. 9. F. 


10 of Materials, by 8. Timoshenko, Pt. II, 2d Ed., 1941, pp. 480-482. 
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Here 7; in circle 1 is the maximum shearing strength i in pure ure shear, in 
circle 2 is the maximum tensile strength in pure tension, and a3, 73 are the ten- — 
sile and shearing stresses in any combined shear and tension. ~ Mohr’s theory 

7 : states that these circles all touch a common envelope, which approximates a — . 
straight line making an angle @ (approximately 15°) with the horizontal. 
of stress and circles of strain" are useful graphical aids in presenting the 
between stresses and strains. 
‘The Maximum Strain Energy Theory. states that rupture when 
i the strain energy introduced exceeds a maximum value. — 4 The Maximum Dis- — 
tortion Energy Theory states that materials rupture when the distortion * 
; energy exceeds a limiting value. _ Distortion | energy is defined as total strain 7 
- energy “minus v volume-change energy . This last theory was shown to be ine 
better agreement with test results than the others for the tests referred to in — 
the paper” from which Table 1 was taken. oe.) 
_ The failure or : disruption of materials is a subject that will. probably re- 

: quire much further research before engineers can select the best theory of fail- 
ure, and several theories may be valid, each for its own realm and for certain 
types of materials. ve Pending such research, present theories should be regarded — 
as purely t tentative and expedient approximations—using the Maximum Strain 7 
Theory for brittle materials and either the Mohr Maximum Shear Theory or 
heikenanel Distortion n Energy Theo Theory f for ductile materials. 

-Davip B. Haut," Assoc. M. Am. Soc. C. 
- conclusions of this paper, the writer finds it necessary to take exception to 
the 2 terminology used. Throughout the literature of elasticity, plasticity, and 
strength ‘of materials, the term ‘ ‘stress” is used universally to designate the — 
forces t that must act across any ‘plane in a body to maintain equilibrium. © 
Since matter is not continuous but consists of thinly dispersed particles, it is 
understood, of course, that stress in the foregoing sense is a statistical, or aver- 
age quantity, much the same as gas pressure, which, , although actually c consist- 
ing of a bombardment by g gas molecules, ean be, and i is, “measured in 
per square i inch. There is no reason why the author should abandon the term — 
stress’’ and substitute “ intensity of force.” The interatomic phenomena in 
r a stressed body are no doubt very complicated. — The author has elected to 


Teserve the term ' ‘stress” for some phenomenon, apparently of this kind, 
| although he has offered no o explanation of its. nature further than that stress is _ 7 
something that is proportional to strain. As defined, stress serves 
purpose which could not be served equally well by attributing any phenomenon 


‘elated to strain to > strain itself. the author’ s transposition of 


. “Circles of Strain,” by Joseph A. Wise, Journal of the Aeronautical Sciences, August, 1940, Vol. 


“Failure of Aluminum Subjected to Combined Stresses,” by Joseph Marin and R. L. Stanley, © 
Supplement, The Welding Journal, February, 1940, Vol. 19, pp. 74s—80s. 


Designer, Howard, Needles, Tammen & Bergendoff, New York, N. ¥. 
Wa Received by the Secretary March 3, 1943. 
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‘independent theories The Maximum "Stress Theory ‘refers to stress as 
ordinarily defined and is entirely unrelated to the Maximum Strain 1 Theory. 
Throughout the remainder of this discussion the Ww writer proposes to use.the 
words “‘stress’”’ and “strain” in their usual and accepted meanings. 7 an) 
The ‘paper presents two conclusions which warrant close seine 
a (1) There is no such thing as shearing stress or shearing strength; and (2) the 
failure of materials under combined stress is to be predicted by t the Maximum > 


Strain Theory, 
assertion there i is no such as Shearing stress or 


of is s clear If the resultant stress. across a within 
_a body is inclined to that plane, it can be resolved into a normal ‘component. 


called nor mal stress and a tangential component called shearing stress. _ Second, | 
failure 1 may occur along a . plane (a) if the resistance of the — to rupture 


nor mel stresses on planes in inclined a t 45 plane. “Therefore 
yrs are real and resist external lends, 

whereas the shearing stress on the plane first’ considered is redundant and 

‘The fallacy of this argument is not difficult to discover. _ The fundamental — 
requirement of equilibrium of stress at a point is that. the stresses on the 


various faces of any small figure surrounding the point shall be in equilibrium. 

‘The author has failed to -Tecognize this requirement. In effect, instead of | 

declaring that the stress on one face of a small triangular py prism must balance | 


TABLE 4.—CoMPARISON oF FaILuRE THEORIES FOR ALUMINUM SHAFTS: 


Ratio 


Maxi- axi- | Maxi- ee 
mum mum mum Octahedral 
stress strain _ Shear 
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Strain T heory. Table 4 has been 
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olastic flow is less than the shearing stress. 

—— - The author’s proof of the nonexistence of shear is found to proceed some- 
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| 15.700 | 20,800 | | —5,100] ogo 
10,300 14,900 | 20,150 | 0 —5,250 | 99 
B8A15_ 11,060 | 13,200 | 19,500 | 0 —6,300 | 
38A18 | 11,060 | 13,800 | 19,900 | 0 10 SP 
_  88A21 | 11,060 | 14,300 | 20,300 | 0 02 dal 
| 11,700 | 19,950 | 0 07 
12,860 | 14,100 | 21,700 13 ‘sir 
9,950 18,600 | 0 03 les 
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stresses reported i in Table 1, for some | aluminum shafts, Ww ith the failure st stresses: 
predicted by four common theories. This. has been done by « calculating a 
simple axial tension assumed to be ‘equivalent 1 to the combined stress reported 


a and by comparing it | w = _ known tensile strength of 23, 400° lb - sq in. 
were first obtained: 


in which pi, p2, ps = = principal Stresses, in descending order of magnitude, 
_p = reported tensile stress, and s = reported shear stress. The equivalent 


was obtained in n terms of Pry 2y han Pay according 
= 
= Pie 


+ 


for Maximum Shear 


for Octahedral Sh 


— pe + (p2 — + 

As has been a generally for ductile materials, the octahedral shear 
formula gave conspicuously more accurate results than any of the” others. 
Also, it Ww vill ” — that the Maximum Strain Theory erred consistently on 


failed by failure occurred under a stress 
_ extension approximately equal to the elongation at which specimens fail in 
tension; and failure occurred at substantially lower stresses than in specimens 
_ tested in the ordinary ‘Manner. % ‘The explanation offered by the author to 
account for the difference betwe een the behavior of lubricated and a 
- specimens i is that the latter are prevented, by end friction, from expanding _ 
laterally” and thereby are prevented from failing. _ The answer may not be as 
p< as this. | In particular, the lateral restraint at the ends va a more or 
less local effect. hes 
unlubricated s specimens at the » middle, where the strength-— 
ag effect i is least, instead of at the ends : as was observed, and (6) the strength : 
= restrained specimens , should ‘approach that of lubricated specimens as the 


condensed summary y of the results of of the tests is given i in 


| 
| 
‘She 
| 
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ear Theory— q 
‘Tests on Concrete Cylinders.—In further support of the Maximum Strain — 
: __ Theory the paper cites compression tests performed on concrete cylinders and = — 
— 
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si 


4 indicated by y the: table, although een are erratic, and the e mortar cylinders 
vary in exactly the opposite manner. _ Table 5 also shows so great a , difference 
_ between strengths of plain and lubricated specimens as to suggest that some 
factor may have been at work to reduce the ‘strength of the lubricated 
TABLE 5. —EFrEct oF LENGTH AND Enp CONDITIONS ON STRENGTH OF 


STRENGTH FOR GREASED Exps 


$$ 


Average all 


2-in. tin. by 4-in. 24 -in. diameter -in. n. by 4-in. 
-eylinder | prism cylinder prism 


specimens. The specimens were lubricated by sheets of blotting paper § satu- 
tated with grease. . Conceivably this method may have had tw o possible 


tT - effects: ‘There may have been a hydraulic pressure gradient across the ends, 

~ resulting in a maximum pressure exceeding the average; : and the lubricant 

= have hastened fai failure by transmitting hydraulic pressure to all all cracks as 

fast as they formed. These explanations are only speculative, but they do 

_ serve to emphasize the Pprecariousness « of a combined stress theory based on a 


7 comparison of greased and dry | concrete columns, ‘instead of on tests of the 


kind exemplified by Tables 1 and 4, 
The evidence presented in support of the maximum failure theory 


_ I. Combined shear and tension tests on aluminum shafts which clearly 
the superiority of another theory; 
tel II. A comparison of cement mortar columns with and without greased ends — 


at best, points toward the Maximum Strain ‘Theory as a plausible 
possibility 


4 


wil ‘The pap paper concludes with the su suggestion that com compression tests of concrete 
should be made on greased specimens, or a factor | should be introduced to 
give equivalent values. Since all concrete column tests invariably include the 
_ making and testing o of control specimens to measure concrete strength, it would 


appear that all necessary factors are included automatically. 
Corrections for Transactions: In February, 1943, Proceedings, 
caption for Fig. 2, change to. ;in Eq. 7, change “1 — to “1 +h 


i 
and, in 14b, change “ “2 + sin a@ cos to — sin cos a.’ 
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DISTRIBUTION GRAPHS OF SUSPENDED- 


Discussion 

By MESSRS. DOBSON, ‘THOMAS R. CAMP, AND FRANK S. BAILEY 


_ 


Cc. Dosson,‘ M. Soc. C. reasonably accurate estimate of the 
total suspended load of fine material transported by a natural stream involves 
a discouragingly expensive program of observations and d sampling over a long 7 
period of time. ~ Any suggestions for ‘reducing the length or cost of these 
sampling mene without material loss of accuracy are very welcome. | Pro 
fessor « Johnson's paper is a valuable contribution i in this respect. _ Although his - 
‘method depends on the usual field pro program gram until sufficient data are oa 
for the development of of a set of distribution graphs, the requirement thereafter — 
ofc only o one observed suspended-matter concentration for each rise or flood would - 
reduce the cost materially and would eliminate some troublesome field problems. : 
‘The ‘assumptions involved seem in general to be as reasonable as those sup- 
porting the use of the’ “unit graph” which supplied the idea underlying Professor _ 
Johnson’ s method. 
In the on transportation of there are many to 
‘the fact that no definite relation can be found between discharge | and d the load — 
of ‘suspended sediment. Unfortunately, little information is given as to 


_ this relationship cannot be f found. __ The author ar answers this question definitely 


and satisfactorily by citing the different factors | affecting the availability y and 

entrainment of the fine and coarse material moving as suspended load. 

te follows from this that a stream rarely, if ever, transports ‘suspended matter to 7 
to 2 its capacity. : In fact, it has not been demonstrated that a stream has a definite = 
he transporting capacity, 

id In the discussion of the two component of suspended load and 

i. q factors governing their availability, entrainment, and transportation, some a) 
“a 7 implications, not developed by the author, se seem too important to p pass without 

ah | _ discussion. If the wash load, which can constitute as much as 90% of the _ 
total suspended load, is carried in relatively permanent su: suspension ‘and is 
¥ Nore, —This paper by Joe W. Johnson, Assoc. M. Am. Soc. E., was in 1942 
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in the nn bed), poarch all of this w vash load must 1 move continuous y 
downstream during a flood, in suspension, , at a velocity practically equal to 


that of the stream until it is deposited on parts of the flood | plain where the 
_ velocity is greatly reduced, in a reservoir, in a lake, or in some other artificial 


ornatural silt trap, 
From: the author's statements it seems logical to conclude that a very large 


: part of the sediment entering a reservoir duri ing a flood is composed } of of particles 
that had traveled from the points v where they entered the stream channel to the 
‘Teservoir in one continuous remainder of the ‘sediment—much 

spension a and bed load, each 

"governed by its own law of eomegecttinn, the particles traveling intermittently 
and requiring a long time to make the j journey. % This time factor should be of 
considerable importance to those interested in conserving bottom agricultural 
land, the capacities of reservoirs, or other dow nstream values because it means 

that ‘omy 2 measures that would p prev vent the fine sediment, wash load, from enter- 


‘ing the river system — would be very efficient and d immediate in ‘their effect. 


‘There exists a rather prev evalent belief that, because of the enormous amount of 
sediment now in river channels » such h preventive: measures would become 


> 
effective after a long - period time. 


~The labor of the silt 


erosion, measurements of silt transport are necessary in order to gage the 


effectiveness of works constructed to reduce soil erosion. If the program is 
to be effective, a u large m number of stations must be established on streams and 
tributaries, and continuous records should be kept of the rate of flow of “farm 
1 land” tow ard the ocean. As a conservation measure, this program is just as 
“important : as stream gaging. The author is to be commended, therefore, for 
furnishing am a means by which more stations may be operated for the same ool 
io It has been found convenient, in Professor Johnson’ s experience, to separate — 
4 “suspended load”’ from “bed load” and virtually to ignore the latter. — Since ; 
; it is the fine silt from farm arm land w Ww hich i is of interest in the. conservation program, 
- that is what should be measured. AN word of caution is /in order, however, 
~ concerning the temptation to to draw conclusions regarding the mechanics of 
. _ sediment transport from observations made in the field. The material that 
: appears | to be permanently in ‘Suspension is s there | because. of its s size and not 
because of its origin; and the material that appears to be transported only by 
4a bed-load movement remains at the bottom | because of its size and not ; because 
ofitsorigin, 
The mechanics of the transport process is the same for all sizes of materials, 
_ except for the changes in drag coefficient of the suspended particles with size. 
& The material that poem only along the bottom does so because the transport — 
4 capacity of the eddies in the stream is inadequate to move it upward. . The 


Associate Prof., San. Eng., Mass. Inst. Tech., ., Cambridge, Mass. = 
5a Received by the March 15, 1943. 
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BAILEY ON SUSPENDED-MATTER (573 
‘finer material which appears to be permanently i in suspension is not permanently | 
in suspension; it is continuously settling ot out (as it must if it is heavier than 
water) and is continuously being carried upward by turbulence. 
a The entire process of transportation, both on the bed and in suspension, 
depends for its continuance upon scour from the bed. There is no such thing 
as transportation in | suspension, a8 such, for particles whose density differs 
from that of water. William E. Dobbins (12), Jun. Am. Soc. c &. has 
demonstrated, both by theory and experiment, that material which appears 
to be ‘permanently i in suspension will settle out readily, under the same condi- 
tions of f turbulence in in the § stream, if scour from the bottom is prevented. — ‘The 
equilibrium condition in which the concentration of suspended ‘matter at any 
depth remains § substantially —— with tir time can be maintained only if the 
rate of settling out across any horizontal | plane—including the bottom—is 
exactly balanced by the rate of upward transport of peg = 


studied w videly and is understood fairly well. A. Shields (13) a 
_ satisfactory rational development for the critical tractive force at which 
~ bed-load movement starts. No satisfactory attack, however, has yet been 
made | on the problem of the ‘relations between the rate of scour from the bed 

and the hydraulic char acteristics of the stream. Many measurements have 
“en made, i in the laboratory, of the transport. ‘capacity of streams, but, since 

nearly all the have been to bed- load movement, infor- 


understanding of the conditions governing the 


combined theoretical and laboratory study is needed. 

S. Barzey,® Assoc. M. Am. Soc. C. E. t_The use of a a distribution 
graph of suspended-matter concentration is described in this | paper together 
with the observed hydrograph and a single observed suspended- matter r concen-— 
tration for. calculating the total suspended load of fine material transported 
during a particular storm. These phenomena deserve the attention of all 
‘Persons interested in the collection of such data, 


‘Having noticed the resemblance of distribution graphs of different storms 
for a particular stream, Professor Johnson shows quite convincingly that 


"sufficiently accurate conte: may be obtained at much less labor and expense - 


_ than formerly have been considered necessary. Belg 

=. In n these days, especially when so many men are being taken into the armed 
serv ices, a a method of obtaining needed information, Ww hich « eliminates much 
unnecessary effort, should be utilized w henever possible. Of course, the 
_ Various changing conditions on | watersheds Ww hich the the author mentions 1s always 
be considered in applying his method. 

‘Extraordinary storms may occur in which the single observation may be 

“found inadequate, but for av average cases the writer believes Professor Johnson _ 


8% Numerals in parentheses, thus: (12), refer to corresponding items in the 1e Bibliography, in in the Ap. 7 
of the paper, and at the end of discussion in thisissue. 


6 With Stone & Webster Eng. Corp., , Boston, —_ a 
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ee “Effect of Turbulence on Sedimentation,” by William E. Dot ‘Dobbins, 
Proceedings, Am. Soe. Cc. E., February, 1943, p. 235. 
“An Analysis of Sediment ‘Transportation in the Light of Fluid Turbu-- 
—lence,’”? by Hunter Rouse, Sedimentation Div., SCS, U. A., July, 
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AMERICA 


RIVETED AND PIN- CONN OINTS 
OF STEEL AND ‘ALUMINUM ALLOYS 


BY JONATHAN JONES, M. Soc. Cc 


JONATHAN JONES Sen. E. only question n the writer 


would ask with respect to the program as a whole is: If the objective was (as 
in the “Introduction” to investigate longitudinal distribution of rivet 


“loads, would it not have been more convincing to arrange the twelve rivets o on. 


each side of a joint in two lines of six each or three lines of four each, moma 
in four lines of three the to be correspondingly n: narrower and 


The reported shearing x strength of rivets (41,100 lb per ‘sq in. in Table 8 
and 40,600 in Table 9(a)) appears to be lower than may be expected i in hot- 


riveted work. It ‘should be be » noted ‘that tl these rivets ts were 1 not hot- -driven, ond 
- their strength therefore was not enhanced by the usual driving ‘ ‘quench.’ eed 


7 Neither was their strength enhanced by cold work, as in standard cold driving, 
since they had a press fit in the holes and the work =— telat must have 
been substantially ‘confined to the heads. 


One of the ‘most important fin findings i record from m a test o of a riveted joint 
is gan ratio between the shear strength of the driven rivet and the tensile 
. strength o f the original rivet bar. — i the paper the latter value is not given, _ 
“80 it cannot be determined whether, as the writer has just intimated, this im-— 


— ratio was low. . If any of the: original ‘materials are still at hand it 


rivets as driven and recorded i in n the | paper,  (b) rivets driven hot, and (c) rivets 


Norm, —This paper by Leon S. Moisseiff, M. Am. Soc. C. E., and E. C. Hartmann, and R. L. ,. Moore, 
Assoc. Members, Am. Soc. C. E., was published i in January, 1943, Proceedings, 
Chf, Engr., Fabricated Steel Constr., Bethlehem Steel Co., Bethlehem, ‘Pa. 


Lon 
of ~~ by Jonathan Jones, Civil Engineering, May, 1940 (see heading, 
4s “Physical Properties of Driven and Undriven Rivets of High-Strength Structural Steels,” Progress » 
Report of the Committee of the Structural Division on Structural Alloys, Proceedings, Am. Soc. C. E oa 
May, 1942, p. 769, Table 13, Col. 26. 
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JONES 0 ON STEEL AND ALUMINUM JOINTS 
‘driven by the usual technique of cold driving in which the anit is Js-in. slack 
In sun, it is felt.that the results reported in this pa paper er should not aon 


‘the rivet shear allowance in specifications based on standard structural prac- 


a In the test designed to fail in 1 bearing, : the actual failure (see Fig. 15) was 
not a bearing failure, which implies collapse on the contact surface betw nel 
pin and plate, but a bulging « out behind the pin through a splitting or shearing 

a. action, accompanied by a transverse tension tending to rupture the free end of 
the plate. the greater the of behind the ‘pin, 


could be raised. _ Had the length behind the pin in this test been pee in. 
< instead 1 of 3 in in it i is probable, judging by other tes tests, that the load could have 


been increased and that there uaa would have been about : an equal chance « of 


-- true bearing failure, 1 meaning . a a erumpling of plate material at point of con- 
‘tact with the | pin, is probably not attainable under ordinary relationships 
- between thicknesses of plate and diameter of pin or rivet, although s some thick- 
of the plate will be observed. 

In the tests reported !7 17 by the writer in 1940 the rivet bearing re reached 
: 6 ,000 Ib per sq in. before joint yield was observed, and 204 ,000 Ib per sq in. 


before failure occurred. The authors’ test evidently did not exhaust the 
‘bearing capacity of the : steel plate, denies the fact that the unit bearing stress" 
failure was 3. 3 times s the American Institute of Steel Construction (A. 1.8.C. 


allowance for enclosed rivet bearing and 4. 1 times the A.I. 8.C. allowance for 


-enclosed rivet bearing o or for bearing on pins. 
: ‘In all pin-connected or riveted construction, due attention should be paid 
* ‘the length of plate behind the pin or rivet. 7 ‘Tests have indicated that if a 


-~pin-c -connected flat plate of wi width b has a net. width across the pin « of 1. -30 b 


anda , net length behind the p pin of 0.85 b, failure will occur in the bar and not 


_ Corrections for or Transactions: In ‘January, 1943, Proceedings, page 4, Figs. 
and 1(b), in the pin openings, the word “shackle” ‘should be “shackle” 
pin”; | in Table 1, , change footnote * to read “O78-T, 178 -T, and are 
5 aluminum alloy | oni temper designations,’ under. “Description” Item 1 should. 
read “Rivet or Pin Material,” and in footnote 4 “33S-T” should be “53S- -W"; 
~ on page 10, insert footnote i index’ after ‘ “material” in in line 38, and i in footnote * 
delete ‘ASTM- E8- 33” and substitute “Structural Aluminum: 
Co. of. America, Pittsburgh,  Pa., ., 1940”; on page 11, change the 
- first two sentences to: read “ ‘In the 1e foregoing list, all I specimens were proportional 
to that shown in Fig. 3 a and run in with the following. paragraph; in Table 2 2, 
Col. ‘1, delete “ASTM”; on page 12 » Tine 20, change * ‘six 4 -in.” to “6.5-in.’ 
on page 12, line 34, change ‘ ‘each” to “ one”; in Table 3, change footnote ° to 
-Tead “The | rivets and pins in this group were 53S-W”’; on page 17, caption to 
6, delete the word “steel”; on page 18, line able 4” to’ “Table 
“ultimate.” 
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DISCUSSIONS 


RELATION OF UNDISTURBED SAMPLING 


TO LABORATORY TEST TESTING © 
on 


Diseussi 


RAYMOND Dawson, AND HAMILTON GRAY 


of these soils ils with those “included in Professor ‘paper is of 
interest. | The w riter has never found an undisturbed sample with all the 
Vv oids filled with water. The initial degree of saturation usually ranges be- 7 
tw reen 94% and 99% and has been found as low as 89%. Since many of these — 
samples were taken at a considerable depth below the surface, where ample 
water should have been available to fill the voids, this indicates a swelling of 


the s specimen. Perhaps the initial degree of saturation isa of dis- 


These continue: to expand at a very slow rate after been 

removed f from the ground. | Specimens covered with paraffin and stored i in nthe 

moist room 2 will eventually. expand enough to break the covering. With 


many months 
to produce failure. This condition has caused local laboratories to apply two 


- special - procedures to the consolidation test: ‘Samples a are tested as quickly as as 


possible after being removed from the ground; and the initial void ratio is held 


The latter ‘until sufficient load has been applied to offset the sw swelling g pressure. 7 


‘The latter step is accomplished by applying small | increments of load to the . 

- specimen after it has been placed i in the consolidometer, the amount of load ; 

| being sufficient to prevent movement of the dial gage. When no 
further load is required to keep the dial constant, the sample i is loaded i in the a 

: usual manner, starting with the next increment ad load generally used in the | 
consolidation test. On the pressure, 1 void- -ratio, curve this part will be a 


straight or" the void: ratio is constant and is 1 usually indicated by 


= _ Norz— —This paper by P. C. Rutledge, Assoc. M. Am. Soc. c. E., was published in November, 1942, 
Proceedings. Discussion on this paper has appeared i in Proceedings, as follows: December, 1942, by ; 
_ Benjamin K. Hough, Jr., and F. M. Van Auken; and March, 1943, by Jacob Feld, M. Am. Soc. C. E. ——_ 
_ © Associate Prof., Civ. Eng. Testing Engr., and Asst. Director, Bureau of Eng. Research, Univ. of 


te by the Secretary March 4, 1943. 
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Laboratory Compression and 
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—— Initial Void Ratio Held Constant 
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of these soils the test shown in Fig. 12(a) was made. A sample was prepared in 


the usual manner and the initial void ratio was held constant, as indicated by 
the dash- dot line. The soil: was then loaded in increments to to a total pressure of 
3.2 kg per sq cm and the load removed to produce the rebound curve. _ With a 
load of 0.1 kg per sq em (200 Ib per sq ft) the specimen | had expanded con-— 
siderably above its —— void ratio and the recompression curve started. In 


each cycle of n the maximum load was twice that used in the 


changes the dee of the lower portion of the curve in a downward direction. 
The results of a consolidation test, made in the usual manner on a sample of 
similar soil, are shown in Fig. 12(a) by the dashed line. This indicates that 
Ss change in character of the curves due to recompression is not as important | = 
B the recompression curves alone would lead one to believe. The soil used in 

the recompression tests (sample 2a) had an initial void ratio of 0.869 and initial 
degree of saturation of 98. 5%, whereas the continuously loaded specimen ~ 
(sample 1a) had an initial void ratio of 0.877 and an initial degree of saturation 
of 97. 5%. _ Continuous loading tests s on other s samples fr from the same site gave 


ratio, , curves with shapes similar to sample la but with higher 


lower initial void ratios. 


~ Although it is agreed that cubical samples, taken carefully from a test pit, 
“give more nearly undisturbed test specimens than those obtained by any other 


method, it may not be possible economically to use this procedure, especially 
in the case of a deep stratum um. In 1942, the writer supervised the sampling of 
_ days soils on two projects chen it was impracticable to use test t pits ¢ and where 
no special ‘sampling spoon available. On both jobs samples were taken 
fm what t the drillers call a ‘ a ‘poor-l boy” sonngiies. -_ This sampler consisted of a 
piece of seamless steel tubing, } in. thick, with a 5-in. outside diameter. The 
lower edge was sharpened, but the 12-in. long tube had the same intenal and — 


external diameters for the entire length. Holes, 6 in. in diameter, were ad-— 
vanced by y usual drilling methods until the desired depth was reached at which | 
- point the the sampling tube w was inserted for the drilling bit. The sampling tube 
was forced into the soil for a depth of 8 to 10 in. by means of a hydraulic jack 
and the ‘bit rotated one t turn to ‘shear off the soil at the bottom of the bit. : 
When n it was necessary to advance the hole by wet drilling, the top 2 to 3 in. of 
i the core was removed and discarded. As soon as the cores were removed from 
: the tube, they were coated with several layers of paraffin and cheesecloth and 
tested immediately after being transported to the laboratory. ‘These s 
: tubes had an area ratio (9)* of less than 107% as as compared with about 407% for 
the usual sampli ng spoon. fF. ‘Therefore, they probably ¢ caused less disturbance 
than some of the more elaborate sampling devices. On one project a a seamless" 
“steel tube only 2 dy in. thick was as used part of the time. _ This gave an area rea ratio. 
of about 5% and proved satisfactory until a pebble which forced it out of shape 
was encountered. Visual examination showed very | little disturbance of cores. 
taken by this method. 


¥  _$ Numerals in parentheses, thus: (9), refer to corresponding items in the Bibliography (see Appendix) 


.. the paper, and at the end of discussion in this issue. _ ie 
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oN ON UNDISTURBED SAMPLING Discussions 
On one project the investigators were able to compare the results obtained 

on cores taken as outlined, with the consolidation characteristics of the same - 

soil as determined from cubical samples cut carefully from test pits; F ig. 12(b) 7 


this The solid- line curves were obtained for taken 


There is little difference j in the and of the curves, indenting either (a) that 


there was practically no disturbance in taking the samples with the core drill; 


(b) that entire soil deposit i is i ina condition. 


“straight- line section. is a result of the type of soil rather than 
at the time of sampling. When high consolidation loads are used on these” 
soils, the lower does become a straight Tine shown on curve 
“per ‘sq ft, is about twice Ww weight of the and, 
Clays ¢ are of recent geological origin, one would not expect that any great 7 
~ amount of overburden has been removed. 4 These clay s have been badly fissured 
and break with slickensided surfaces, many of which contain thin layers of clay 
ofa different color. Iti is assumed, therefore, that the clay dried and cracked 
after it was deposited and that the next flood filled the cracks with the lighter- 
colored clay; then, when the original clay expanded by taking up moisture, ; 
‘internal stresses developed ‘because the cracks were filled, therefore | causing 


“Cautions use of theoretica conceptions and methods 


ods the hope of the future in foundation engineering. The restrictive 
assumptions of rigorous theoretical methods mean that they can never be 

tpn safely to soils without full-scale field observations to determine 


analyses must conducted before final may be 

Hamitron Gray,’ Jun. Am. Soc. C. principal steps involved 
foundation analysis | been aptly likened the author to “links in a 


considered the solution of the problem at Conditions which produce 
inaccuracies in any link—figuratively changing the of the link—tend 
to a by which it fails to 
point. Such inaccuracies , course, may be 
: compensating, the effect of a “short” link being c offset by that of a “Jong” one; 
but such an occurrence would be purely fortuitous. Ac close agreement betw een 
predicted and observed behavior associated with any physical phenomenon P 
aS does not necessarily assure that each of the steps involved in making the 
7 Asst. Prof., Civ. Eng., New York Univ., New York, — Y. 
Received by the he Secretary March 9, 1943, 
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April, 1: GRAY ON UNDISTURBED SAMPLIN 


prediction was flawless. Similar ‘methods may not give ‘satisfactory” 
results w hen applied ‘another time. Hence, if the methods of soil mechanics — 
are to achieve their full 1 usefulness, the magnitude of the i inaccuracies in the 
individual links must be known quantitatively so that the error in the length 
fof the chain may be determined with reasonable certainty. . Actually this 
chain consists of three major links, which, together with the chief source of 


o error in each, may be listed as follows: ie 
(1) Sampling (distortion of the soil and hence alteration of its physical . 


properties during the sampling process); 
re)) Testing (inappropr iate testing methods for determining the pertinent 


physical properties); amd 


Prediction (unsuitable for predicting the behavior 


errors: inherent i in of these ‘tes science of foundations would 


ard determining the ‘den ‘of on n certain of the physical 
characteristics which are determined by experimental means. It is clear, 
however, that the numerical and graphical comparisons are made between 
8 umples, and not between samples and the soil in place. Consequently, it 
remains difficult to know -quantitativ ely how truly a sample represents its 


Only by comparing properly ly conducted field observations w ith the solutions 
_ secured by means of steps 1, 2, and 3 in a large | number o of cases can one ever 
} hope to determine the ‘sources of discrepancy between predicted and actual | 
‘observed behavior. In the present state of knowledge, an agreement between - 
"prediction and field behavior does not assure perfection of alllinksinthe chain; 
nor may a discrepancy between prediction and behavior definitely be attributed 
to any one of them. ‘One simply cannot state, in the light of present knowledge, 
Ww hat quantitative influence i is exerted by i inaccuracies | in any or all of the three 


- steps enumerated. Hence, only rough estimates can be made of foundation ; 


behavior, 

paper does ‘Suggest mean means of forming qualitative opinions : 

possible value of as sample in representing the stratum from which it was 

— secured, and shows, further, that a given degree of soil disturbance influences 

certain physical properties more than others. This signifies, for example, 
that great caution should be employed 1 in utilizing the modulus of elasticity as” 
‘obtained from unconfined ¢ compression tests. On the other - hand, the com- 
pressive e strength secured i in the same test is more nearly Tepresentative | of the — 
behavior in nature. © Although it is easy to establish a numerical measure | 
giving the degree of disturbance intermediate between 
(100%) and the best available undisturbed sample (0%), comparison vith 
the behavior of the parent stratum remains a matter of guess or judgment. 
In connection with the consolidation test, the author leaves the i impression 
that a pressure, void-ratio curve for a loose clay, v which shows up upward concavity oe 


see Fig. 5) inste instead of f being precisely y linear (see Fig. 2), when plotted on © 
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ON UNDISTURBED SAMPLING 

semilogarithmic paper represents a ‘minimum: amount of disturbance. The 
writer has observed such upward concavity in loose clay ‘samples. of 2.5-in. 
diameter, which were taken in a sampling spoon (3-i -in. inside diameter) of a 
type no longer considered suitable for securing first-class undisturbed samples, 
and believes that there was no minimum of disturbance in these cases. Fur- | 
ther, since a a sample taken by s spoon is : generally subject to the e greatest : amount 
of distortion at its periphery, one is led to consider the extreme case of a 


“composite! ’ sample consisting of a wholly undisturbed core of diameter, say | 


Discussions 


5 


 3in, , surrounded by a completely remolded soil annulus of the same material 
to give a total sample diameter of 4in. When subjected to a consolidation 
Boing the deformation of both core and soft annulus will be identical, but the 
annulus will be subject to a | far lower stress because of its different it pressure, 
void-ratio diagram (see Figs. 3, and 6). An analysis of the | loading an pore 
Bm ccnag of such a sample |e leads to the conclusion tl that the resultant pressure, 
oid-ratio diagram: would be slightly concave upward at the lower, end just 
as are the curves in Fig. 5. . Until further r information is available, therefore, 
‘it would seem wise e to accept, with. definite reservation, the author’s statement 
concerning the evidence of a minimum of disturbance. "The foregoing inference 


_ Should be easy to check experimentally for the behavior of composite samples 


al In discussing the triaxial compression test the author touches upon the q 
ae controversial subject of the pro proper r type of test to be made in simu-. 


lating certain field conditions. — ~ Similar differences of opinion exist in connection | 
with quick and slow shear tests. . - The type of test to be used should be one 
_ which either simulates field behavior, or gives results that may be used somehow 
in analyzing conditions of soil in place. If t two or more tests can 


formed more readily probably will be ‘used the more ‘Os the other 
hand, the method of testing always 8 must be adapted to the type of analysis 
employed i in predicting field behavior. For example, the author cites Eq. 4 
computing ‘settlements. The u use of this formula entails the previous 
_ determination of the soil properties, defined | by K and E, which in turn require 
s two types of tests. 4 There are various other ways ¢ of estimating settlements, 
each with its proponents, , and each necessitating knowledge of certain physical 
determination of which may require more, or less, experimental 
- work than do the constants of Eq. 4, depending on the details of the method. 
Tn all probability, the method that is best never can be decided by theory 
alone; but, in time, the compilation of observed behavior may give a clue as" 
if compilation of observational data of similar nature from several founda- 
“tions: which differ somewhat in such details as—(a) relative positions and 


- thicknesses of soil strata; (b) size of loaded areas; (c) increase in n net load; 
and (d) sampling technique—might permit a ‘Segregation of the inaccuracies 


inherent i in ‘they various 1s steps involved i in n making a forecast of behavior. 3 The 


source of any discrepancy betwe een . prediction and observation to one “of the 
- steps ps employed i in making the prediction. a To cite a a specific _ example, assume 
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GRAY ON UNDISTURBED SAMPLING _ 
that a building imposing a uniformly distributed net increase in _ pressure of 
1 ton per sq ft at the level of its foundation re rests on a bed of dense sand. — ‘The- 
sand extends to a —* of 15 ft below the foundation and is underlain oA ; Ee 


“Boussinesq,” and, i in addition, the m more matter of the effect of 
sand layer in ‘distributing loads to the more compressible clay. This latter 
problem in all probability cannot be treated 1 satisfactorily by analysis alone, 
and hence it appears evident that a widespread collection of observational 


data, followed by an intensive study of its significance, would be required 


before an understanding of such conditions is reasonably complete. However, 
as suggested herein, a relatively small amount of data probably would suffice, 
under favorable conditions, to determine the influence of sample disturbance 
the laboratory test results alone. . That modification of the test results 
_ Tequisite to predict the actual behavior of the foundation then could b be adopted 
eng 5 However, without the correlation between laboratory results and 
> observed field | behavior, the m meseuaed of the d desired modification on cannot be 


known w with any certainty. 


r 
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<-_ the clay stratum is thin, any variation between observed and predicted sub- a 
| sidences may be attributed to disturbance during sampling or to improper 
= testing technique with the former constituting the more probable source. —_ 4 3 
y On the other hand, if the area covered by the building is relatively smalland ge  §|§ (ii 
1 | the clay stratum thick, the variation of pressure increase with depth is intro-_ 4 a |S 
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% BY RW ‘Moore, Esq. 


Ww OODWARD Moorz,? 
to shallow explorations i in water- Pha. areas constitutes a ‘distinet “clits 
step in the use of geophysics on civil engineering projects. This method of - 
> test already has proved to be a useful tool in connection with subsurface 
a explorations for dam sites, highway grading projects, Tock quarry sites, and 
tunnel locations. Data’ concerning foundation conditions at bridge abutment 
locations have been obtained with seismic tests, and, by ‘means of subaqueous 
. tests such as are described by the authors, it should be 2 possible to investigate 
pier locations | as” well. . The value of the application of the seismograph to 
bridge site explorations should not be underestimated, particularly in pre- 
liminary surveys for highways through: “undeveloped areas 1 not adequ: ately 
served by existing roads or trails. At times, a rapid survey of subsurface 
: conditions using the seismograph may  Giainate the need for further check 
“tests using the more costly and time-consuming core drill or test pit. * Although 
the exploration costs for a br idge s structure may be relatively small, the ratio 
of cost of exploration to total cost of the structure may be relatively large in 
comparison with that for a large dam orreservoir, 
In connection with the tests on land in the Point Rockway Canal area 
where the drill located a solid rock formation with a shallow overburden and d 


_ where the seismic data were inconclusive, it would have been informative to 


7 have made additional seismic tests. with the detectors and shot lines at right © 


angles to the lines that were used. I. In n one or two instances in the writer's - 


= experience appreciable differences in wave velocity (3,000 to 4,000 ft 1 per sec) 
a have been obtained when shooting two lines of tests oriented 90° with res ed 
to each other. — One location Ww here such differences in wave velocity were 
found was | near the bank of a small river. It is s possible that early stream 


Note.—This paper by E. R. Shepard, Esq., Reuben ‘Haines, Assos. M. Am. Soc. C. E 


_ published in December, 1942, Proceedings. 


Associate Civ. Engr., FWA, U.S. Public Washington, D.C. 
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MOORE ON SUBSURFACE EXPLORATION | 
action exposed the ledge rock to the elements, which resulted in weathering 


characterized by vertical jointing or fracture zones. This is entirely suppo- 

: sitional since no rock was exposed ‘at the surface at this location. Concealed 

by a ms untle of soil deposited — during subsequent periods of erosion, these 

- fracture zones would tend to lower the ws wave velocity in the rock for seismic 

tests made along lines: transverse to the w eathered zones. Tests | — lines 

parallel to the fracture zones would result 


in wave velocities ch: aracteristic of a fairly 


solid, continuous mass of rock. _ 
With respect to seismic tests made o one 
frozen ground, probably a carbon- button 
type detector such as was used in the tests” 


“that the first or Ww: we re through ‘the 


frozen ground would produce a relative ly 
small break in n the The P 


would be pr on the oscillograph record 
a ev ent” which | be in- 


events” have | been by the 


in the interpret: ition of 


re- | cords which were ¢ obtained in areas where a low -velocity layer was underlain 

ely by, a a rather thin stratum having « an intermediate wave velocity which rested 

upon solid rock. Fig. 13 shows a film record obtained with the carbon-button 

ck detector in which “second events” are shown rather clearly. 
igh Referring to the tests made “in quiet or slowly moving water,” it would be J 
tio interesting to know the : actual velocity of the slowly moving w ater since there 

in § ‘is some likelihood of water currents: disturbing the detectors and ¢: causing 

troublesome vibrations w Ww hich might mask the seismic w ave coming from the 

rea shot. Research work may be. required determine ‘the effect of various 

und velocities upon the submerged detector units, particularly where pipes 
to or rods which extend to the surface of the stream are used. The effect of the 

cht flow conditions | at the bottom of wilt but deep w ater courses may require — 
remedial measures to assure a ‘ ‘quiet” detector ‘should satisfactory 

ec) means of placing the units in swift water be developed. a ee 

ect In their analy sis of the data obtained from the tests in swift water, the 


‘point ‘out the probable sources of error in determining the elevation 
of the rock at the shot point in the stream bed. The average of the data — 
from several shots at a particular point would tend to reduce the error in 
- obtaining t; for the time of wave travel in the material overlying the rock. 


However, Tock elevations in manner ‘described should be useful 
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MOORE: ON SUBSURFACE ‘EXPLORATION Discussions 


_ In general, the accuracy indicated in a comparison of the rock elevations — 
predicted from seismic data and | those obtained from direct drilling, as given 
in Table 1, 
a similarly correlated tests made by the U. “Public Administration 


>= the eight ye years since 1935. Usually the rock surface could be predicted 
within 5% to 10% of the true depth, 


Corrections for Transactions: In ‘December, 1942, Proceedings, page 1749, 


change the last wo lines to read ‘ = 94,600 + 12,300 + 12,300 = 16 


= 0.97; and, sin = == and cos cos 8 


to 308." 
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— line 12, change “318 
= 17,000-rock”; and, on page 176 
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BY HERBERT \ Moore, Assoc. M. Am. Soc. EL 


HERBERT Moors,’ Assoc. Am. Soc. C. E.**—The organization of large 


a “sanitary districts is the subject ¢ of this paper, such districts being required be- 
cause of the “magnitude and difficulty” of projects for sewage treatment. 


- Often, howe ever, a Seager for relatively simple sew erage improvements | can be met 


In Wi isconsin, enabling legislation makes. this possible. ‘Some forty 
districts have been organized under Wisconsin taken 60.30 to 60.309, 
un incorporated tow mship areas. Districts have been formed for the most part to 
provide sewers only, i in order | to discharge sew: sewage into the system ofa neigh- 
boring incorporated community. or metropolitan: ‘sanitary di district. However, 
se eral small sanitary districts provide their own sewage treatment. eae —— 
The first step in the organization of a sanitary district is a petition to the 
town board signed by at least 60% of the property owners of a given area. 
Following a public hearing, the town board establishes the boundary and ap- 
. points three commissioners ata nominal fee (generally about $25 each per year) _ 
to administer the district. The district ma mys then construct sew erage improve- | 
ments and finance the project by bond i issue. ya 
‘Thus, a a sewerage and sewage disposal system serving a small ‘suburban 
residential community in Metropolitan | Milwaukee (Wis.) was constructed by | 
"the Westchester Sanitary District, Town of Brookfield, Wis., , Waukesha County, _ ; 
= placed in operation in December, 1941. _ This project provides the main © 
sewers, a sewage disposal tank, and sewer connections from house building 
lines. It is believed to be the first public sewerage and sewage disposal system 


7 to be constructed from homes through the e disposal system complete. — Further- 7 
more no federal aid was sreceived. 


Located about one mile west of the he limits of # the area served by the } Metro- — 
-olitan Sew erage ‘Commission of Milwaukee County, the Westchester Sanitary 


_ Norg.—This paper by Samuel A. Greeley, M. Am. Soc. C. E., was published in December, 1942, 
Proceedings. Discussion on this paper has appeared in Proceedings, as follows: : December, (1942, a Messrs. 4 a 
Milton P, Adams, and Hal F. Smit 


§Cons. Engr., Milwaukee, Wis. 


* Received by the Secretary February 13, 1943, 
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Disousstons 


District was formed by the | homeow ners a and residents of a hi housing community 


to correct nuisance conditions ‘resulting from the use of septic tanks. | Some 

forty houses had been constructed | and septic tanks and gravel leaching» beds" 


in accordance with best approved practice . However, soon 


the houses occupied, effluent from the 


sanitary district by property. 


wne 1ediate correc’ 
owners for imr ite correc 
Plans and specifications were prepa and advertised. The contract 


boring causing considerable odor and The or- 


awarded to the lowest of six bidders and the system, comprising some 8,000 ft 


a sewer lines and a concrete two-story -type tank, was constructed. ~ Sew age 
8 effluent from the tank flows into a gravelly subsoil on the property of the Dis- 
§ trict. Six months’ time elapsed between the formation of the Sanitary District 


and the completion of construction of the project. 
ate ~ Work was financed by general obligation bonds in the amount of $4,200 ik 


revenue bonds i in the amount of $12,500, at interest of 2.4% and 4. 


a respectively. . The general obligation bond issue was limited by statute to 5 


~ of the assessed yaluation at the time of the last previous : assessment. 


- Correction for Transactions: In December, 1942, Proceedings, page 1729, 


change the | caption to read: ae a 


10. ORGANIZATIONS ARE THOSE CoMPRISING A LARGE CiTy, THE ADJOINING 


AND Pernaps Some AREA OF UNINCORPORATED LAND. THE Burrato (N. 
_— Sewer | AUTHORITY IS A METROPOLITAN ORGANIZATION OF THIS TYPE. VIEW SHOWS — 
oF HarBor Crossinc WHICH TO THE TREATMENT PLANT 7 
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EARTH I PRESSURE AND SHEARING RESISTANCE 
OF PLASTIC CLAY 
A SYMPOSIUM 


MEssrs. A. ano . M. BURMISTER- 


= 


¥ 


A. E. Cumminas,”* M. Am. Soc. C.E. 28a__The papers included i in this § Sym- a 
posium contain some of the most worth-while information that has ever been 
published about the behavior of soft plastic ‘clay. Ina addition, the e correlations | 
between laboratory tests and field measurements offer an excellent opportunity — 
for comparing two fundamentally different methods of laboratory test procedure. 
pe On the Chicago subw ay work, the shearing resistance of the clay was de- 
termined by means of unconfined compression tests. Soil samples for this test 


“usually are obtained in ‘thin- walled seamless steel tubes. In the unconfined 


tested to as a a concrete: cy is for its compressive 
strength. _ In some cases, the Chicago test specimens failed on a shear plane 
Bye ak diagonally across the specimen. In most cases, the specimens did not . 
fail completely but simply bulged like a barrel. % Whenever bulging of this kind 
occurred, loading was continued until the height of the specimen was reduced by - 
; 20%. of its original height. The shearing resistance was defined as one half f the ; 
load at which the specimen failed completely | or as one half the load that p pro- 
duced 20% strain in those specimens that bulged without ut failing. | —os 
On the Detroit tunnel work, the shearing resistance of the soil was de- 
termined by means of the ring-shear test. Soil samples for this type of test are 
“obtained i in the field i in sectional brass tubes which are designed to fit the labo- 

. -tatory testing a apparatus. _ The tube is about 7 in. long and is cut crosswise into. 
three sections. The two oud sections are each about 3 in. long and the cer 
‘ection is about 1 in. long. The tube containing a soil sample is placed in a 
‘horizontal position in the testing machine and the two end sections are 4 


_ Nore .—This Symposium was published in June, 1942, Proceedings. Discussion on this Symposium 
in as follows: September, 1942, by Messrs. Ralph H. Burke, L. G. Lonhardt, 
_ George E. Shafer, and M. E. Chamberlain; and December, 1942 , by A. A. Eremin, Assoc. M Am. Soe. C. E. : 


*8 Research Engr., Raymond Concrete Pile Co. New York, N. 
*8 Received by the Secretary March 3, 1943. 
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iny place. " “Load i is applied to the center section so t that: the soil sample is tested 


a rivet in double shear. This type of test has shown that. 


under : a given load d practically st stage in a few minutes when the load is very small. 
. * the load is ; increased, deformation finally becomes progressive and the soil 
49 continues to o yield without any increase in load. _ The test results are plotted in 
= a manner that the curves indicate the shearing resistance at which pro- 


yielding of the soil begins. 


‘Water Content (Percentage ge of Dry Weight) 


o—O——O Water Content 


-O ‘Shearing ‘Strength 


seamLess TUBE SAMPLES - sei 

= Shearing Strength is 

| 

=. 
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AS 


AS 


Water Content, Percentage of Dry Weight 


os 


= Strength (Lb per Sq Ft) 


at It j is seen readily that these t two o types of tes tests are fundamentally « different : so 
that it w vould be a matter of considerable interest to determine what relationship 7 


It has ~aon the writer’ s privilege to work with all three of the ‘Symposium 


authors for many years, but he is familiar with o1 only one one case in which both types 
of test were made on | soil samples s secured from the same site. — ‘This project was 


that near Indiana Harbor, Ind., on the south coast of Lake Michigan. On this 
job a a total of 120 samples were secured | ‘shear tests and 1 17 samples for 
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The ring- ing-shear samples were taken ‘in the 


standard type of apparatus used by yy Professor | Housel and the tests were per- 
formed i in his laboratory. The samples for the unconfined compression tests 
were taken in seamless tubes by the same methods ‘that were used on the- 
Chicago subway and these samples were tested by Mr. Peck in his laboratory. As 
The soil conditions over the entire site are quite uniform. A bed of of sand — 
dual 40 ft thick overlies a bed of plastic clay 60 to 70 ft thick. dl The t upper part 
| of the clay bed is quite soft but the clay becomes increasingly hard as the depth — 
increases. _ Fig. ‘48 is a composite diagram ‘showing the results of tests on 
samples t taken from two borings | Ww hich were about 75 ft apart. . As far as_ 
natural water content is s concerned, the two sets of sauaiie differed very little. q 
On the other hand, the shearing strengths determined by the two ) different test 
methods are vastly different. unconfined compression tests on the 


seamless tube samples indicate a that is very much greater 
™ 
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with the a rather elaborate statistics! 
analysis. was made to determine the relationship between the natural | water 4 
content and the unconfined compressive strength. oll Although the analysis * 
indicated large standard deviations in the statistical relationship between these . 


neta Purdue Conference on on Soil Mechanics and Its Applications, 1940, p. —_ 
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CUMMINGS ON PLASTIC CLAY Discussions 
two v variables, it did show tha that the results tended to cluster about an average 
value. _ Fig. 49 is a semi- logarithmic plot. of the Indiana Harbor test results 
showing the relationship between natural water content and shearing strength. | 
For a given water content, the shearing strength can vary over a wide range. 
- However, the dotted curve is an approximate average of the results: obtained 
from the ring-shear tests. For any given water content, the solid curve repre-— 
- sents shearing strengths that are five times as great as those of the dotted curve. 
It i is seen readily that the solid curve is a fair average curve for the results ob- 
tained from the unconfined In other w vords, these two 


ver 


es: about five times as great as that determined by the ring-shear test. ~~ —— 
_ This wide difference in the test results can be explained as follows: The’ . 
- unconfined compression test determines a quantity that should be called the — 
“ultimate shearing resistance’’ of the clay. _ The ring- -shear test determines a 
= quantity y that should be called the “el lastic limit” or the ‘ ‘yield | point” of the 
=a clay. This fundamental difference r raises the question of the relative merits of 


the two types of tests as a means of investigating the problems to which the 
test results are to be applied. ‘Int tunnel work and in large open cuts such as are 

described in the Symposium, there is always some flow in the clay bed. Ine 
other words, the stresses i in the clay approach the ultimate strength of the clay — 
So that movements occur which are often of considerable the a 
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to fail If the determines elastic limit « or the 
yield point of the clay by means of the ring-shear test, the designer will be 
to use some kind of correction factor such as the ‘overload ratio” 


ich can vary over a wit 
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ee that it must depend on several factors wh . t 


CUMMINGS ON ‘PLASTIC CLAY 


_ the first place, the numerical value of the overload ratio must depend on the 
ratio between the stress at which the clay fails and the stress at which it starts 


to flow. r In the second place, | the numerical value of the overload Tatio -Tmust 


—_ a the very fine grained clay that underlies Mexico City, “Mexico. 
This soil had a natural water content of about 400%; a ‘a plastic limit of about. 
125%; and a liquid limit of about 500%. As can be seen from Fig. 50, the — 
‘stress-strain ¢ curves are practically lines all the way out to the failure 
load. _ In spite of its plastic properties, this clay behaves almost like a brittle 
material. There is no yield point until the failure load is reached, so that the 
ratio between failure stress and yield stress is practically unity. On the other 
hand, Fig. 49 indicates that for the Indiana Harbor clay, the failure stress de- 
termined by the unconfined co compression test is about five times the yield | stress” 
determined by the ring-shear test. «dt is entirely reasonable to expect that the 
ratio between failure stress and yield stress s might be even greater than 5 ing 
some cases. — Accordingly, a designer, basing earthwork computations on wie 
yield value determined in the ring-shear test, w vould have a difficult, problem in 
choosing a proper V value for the overload ratio. 
ould be to stay on the conservative side. 
7 = The effect of progressive failure in the soil mass in the field can also vary 
over a considerable range. The term “‘progressive failure’ refers to the fact 


that the ‘soil does s not necessarily fail ever -ywhere at the same time. _ ee 
of the clay bed than they a are in others. For ex example, square beating 
. block i is used to make a load test on plastic clay, the soil will fail at the corners 
ande edges : of the plate before it fails under the center of the plate. In other —_ 
cases, progressive failure occurs because the e shearing strength of the clay varies _ 
‘in different parts of the clay bed. - In such a case, the w veaker layers might : fail 
= leaving the stronger layers es carry more than their share of the load. It. 
_ is very probable that progressive failure i is often caused by a combination. of 
these two factors. In any case, the effect of progressive failure would have to 
be taken into account i in the choice of a numerical value for the overload ratio. 
Here aga again, , the tendency on the part of the designer would be to. stay : as far as 
possible on the conservative side because he is dealing with = — 
whereas the laboratory tests have determined the yield stresses. 
_ From considerations of this kind, the: writer has come to the eailiiiiadl we 
‘the unconfined compression test procedure represents a more direct approach to 
problems of this type than does the ring-shear test procedure. — The construc- 
tion of tunnels, open cuts, or large cofferdams in plastic clay | beds always in- 
; volves so some flow of the clay toward the excavation. 7 In other words, the clay is 
- stressed well beyond its yield value, and in some parts of the clay bed the 
reach due to the effect of failure. 
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sa There is one p point of considerable importance 1ce which is referred to by cach 
of the ‘Symposium authors. — _ Apparently, © they all agree that the shearing 
resistance in natural deposits of soft plastic clay i is due to cohesion only. In 
other words, the angle « of internal friction is zero and the normal pr pressure on a _ 
given plane does not influence the shearing resistance on on that plane. This is a 
point that should be kept i in mind by designers making g earthwork computations 


30 Assoc. M. AM. C. E.*°*—This Symposium is an 

- outstanding contribution to the knowledge of the forces and physical factors 7 ' 

involved in tunnel and open-cut construction in plastic « clays. ‘The authors are 


_ to be congratulated for the presentation of this valuable information to the 7 


such problems; (2) usable criteria : are 2 suggested for safe and economical design 
; and construction; and (3) control criteria _ and procedures to be used during 
‘construction are developed t to meet and anticipate changes i in subsurface con- 
- ditions for the ‘worse and to minimize settlement due to tunneling and « open- -cut 

ys The writer | was impressed greatly by the comprehensive program of ‘soil 
investigations conducted on a t time schedule e that permitted the use 0 of the i in- 
- formation for construction purposes. 2 This was obviously not a research prob- 


lem, but a practical problem of soil ‘mechanics | on a mass-production 


profession ~The importance of their investigation is threefold: Ar rational 


The construction experience itself is evidence of the thoroughness and the 
efficiency with which this program was planned. It is interesting to note 
= reliance v was placed primarily on the results of ‘two simple soil tests—moisture 
content and unconfined compression—which had a direct bearing on on the prob- > 
lemin hand. The method of presenting a: and | interpreting the data i is especially : 


noteworthy because of its value in clearly visualizing subsurface conditions and 


in indicating the nature of the difficulties i involved. 


— _ Professor Terzaghi has made a number of statements of experience in in i 


nection with the construction of the | Chicago subway which are of great im- 
_ First, he States that when dealing with irregularly str stratified water-— 
laid deposits, and also the ice-laid deposits of the Chicago region, the average — 
soil properties do » not change, in a | horizontal di direction, nearly as s erratically as 
the individual records would lead one to expect. _ Thus, considerable reliance — 
can be placed on the data Tegarding subsurface conditions obtained from quite 
widely spaced borings, as commonly used. The greatest uncertainty lies in the 7 
_ possibility of missing some abrupt change for the worse in the thickness of rot 


deposit 0 or in n stratification. . Analyses o of foundation conditions for a number of 


"similar conclusions, including the consolidation properties « of clays and critical 
density-r -pressure e relations for deposits. of fine sands. 1 
_Inasecond conclusion of great consequence, Professor Terzaghi s states that, 
on account of the n mechanical properties of undisturbed clays, very ry small yield 
suffices to develop all the strength the — has. In discussing the lateral 


30 Asst. Prof., Civ. Eng., Columbia Univ., New Yor York, Nw 
q 
by the Secretary March 24, 1943. 2 
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‘April, 1943 BURMISTER ON PLASTIC 
~ pressures in the Chicago clays, Mr. Peck states that a lateral yield of slightly 
less than 0. 25% of the height of the cut is all that is necessary to reduce the 
: earth pressure to the active value. This is in contrast to the opinion commonly — 


held that opportunity for lateral ex expansion sufficie nt to develop p the major a 


= ~ required will depend on the strength of the clay itself and 0 on the asi al 
properties. , The: zone in which the lateral yield 1 must take place may be con- — 
= more restricted or limited in extent than formerly believed. In the 
- closing discussions, it would be of great value to include relations, if consistent : 
- ones were found, between the strain at the maximum unconfined compressive 
strength and the measured distortion in the tunnel section, the ‘“‘squeeze’”’ ’ into 
the tunnel, and the lateral yield in the open-cut section. _ - ; 
— A third conclusion of great importance is that the medium soft clay acts | 
as if the > angle of friction were equal to zero and that the shearing strength did — 
not increase with the depth of overburden. . Hence, the unconfined compressive — 
strength was considered to be more indicative « of the shearing strength of the 7 
ny 7 Professor Terzaghi states that he has not seen a any y evidence of the ex- 
7 ‘istence of a direct relation ‘een een shearing strength and depth of overburden 
= soft clay 


jin Fig. 39. ‘The has discussed a experience” in connection with 

the investigations of the subsurface conditions of the very soft deposit of or- ; 

- ganic silty clay at the Flushing Meadow Park site for the New York (N. Y ) 
-World’s Fair. moisture cont , shearing strengths, and preconsolidation 
pressures W ere constant throughout almost t the full depth of the deposit, some — 

: to 60 ft in thickness below the surface root mat, whereas in a natural state a 

: of complete consolidation one would expect that the water content would de- 

crease and the preconsolidation pressure, and hence the shearing strength, 7 

- would increase almost directly with the depth in the deposit. Such a radical : 

departure may be the normal natural state of consolidation under very slow — _ 
— geologic loading; or or it may be explained on on the basis of the p presence of artesian — 

3 water pressure in the sand strata beneath the deposit. 4 Such ‘a condition, with _ 
an infinitesimal flow upward, would induce: permanent hydrostatic : stresses in 

& the pore water, which would limit consolidation so that a certain proportion — 

7 of the overburden pressure at every depth would be carried aamgenyd by 
pore water pressure. 
to be substantially directly proportional to the preconsolidation. pressure evalu- 
ated from consolidation tests, whether it is less than, equal to, or greater than 
the existing overburden pressures, which \ vary | with the geologic load history of | 

deposit. ve pressure represents the effective stress 

. acting on the grain structure of the clay. In a closed system (which i is always 
the large mass of relatively impermeable clay), any increase in 
from any cause above the preconsolidation pressure is carried entirely by excess 
stresses i in pore water. This is a consequence of the character- 

m ward a decrease in volume under shear- 
ing stress—which accompanies shearing deformations. Hence, at con- 


“Laboratory Investigations of Soils at Flushing Meadow Park,’”’ by Donald M. Trans- 
Actions, Am. Soc. C. E., Vol. 107 (1942), p. 187, 
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. - stant ant volume shearing, the clay behaves as though th 1 the angle 0 of friction equaled 
zero, and only the shearing strength due to the. pre-existing | ‘effective stresses 
can be mobilized. _ Because of of this phenomenon, the | unconfined cc compression 
test on reasonably undisturbed ‘samples yields the 1 most representative and 
reliable 1 measure of the natural shearing strength of the. clay, as § stated by 
Professor Terzaghi. — The writer prefers to think of the maximum shearing “a 
stress for such a condition as being determined by one half the difference of the | 
principal stresses—Smax = 3(~i1 — ps). Since the applied lateral pressure ps; 
7 4 is zero in the unconfined c compression test, the maximum shearing strength is 
o equal to one half of the maximum applied vertical stress, which is the com-_ 
ncon- 
pressive re strength of the clay. y. In obtaining r repr resentative values from u uncon- 
fined compression tests, it has been the writer’ 's experience that the shearing 


obtained by testing : a the full of the 


the diameter of the undistur bed sie 
‘direct quick ‘shear tests yield values which be 90% o or then 
obtained from unconfined compression tests on specimens cut from an immedi- 
ately adjacent part of the sample. This is believed to be a consequence of 
i the progressive nature of the failure conditions inherent in the direct shear test 
method. . Also, this may a account for the fact noted by Professor Housel that, 


i for a pe perfect | check between measured and estimated pressures 0} on the tunnel, 

| 7a the > shearing resistance should be 12% greater than the yield d value that 1 was 
found experimentally. by r ring-shear laboratory tests. 
‘The outstanding achievement of this Symposium is the development of 


rational methods of analysis, design, and control of construction procedures for 
tunnel linings and sheeting and bracing i in open cuts i in . plastic clay, which are 
in such elc close agreement with actual measurements. The most important prac- 
tical aspects for future construction are the measurements of: (a) The distor- 
tions and pressures in the e tunnel lining in the Chicago’ clays. and the settlement 
of street surfaces; (b) the e magnitude | and distribution of pressures in open ¢ cuts 
and the yield in the bracing system permissible to limit adjacent surface settle- 


‘ment; and (c) the distribution of 1 pressures in the tunnel lining in the Detroit 
clay, t the variation with time, and the time required for equilibrium condition | 


tobeattaimed, 


In order to make these measurements of greater practieal value for future 
_ construction, the : properties of the Chicago and Detroit clays should be identi- 


~ fied more ‘positively. It is ; suggested that diagrams showing the r range of soil 
proper ties and conditions should be included, if fairly ¢ consistent relations exist, 


for example: (1) Maximum unconfined compressive strength ¢ or or shearing strength 
versus moisture content, relative density—D d = WLW 100%, and corre- 


corresponding strain versus the. measured distortion in the tunnel lining, the 
squeeze into the tunnel, the pressure on the tunnel lining, and the ratio between | 

: the vertical and horizontal pressures observed; and (3) maximum shearing — 
strength and corresponding strains versus the measured pressures and yield i 
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PRIMARY ROLE OF METEOROLOGY IN F “FLOOD © 


FLOW ESTIMATING 


Discussion 


By MEssRs. CLA ARENCE S. JARVIS, IVAN E. HouK, w. «6 Hoyt, 


(CLARENCE 8. JARVIS,‘ M. Am. Soc. C. E.‘*—This concise report: 


3, ‘relative successes and failures’ has a special appeal because of its clarity 


of ‘concept, its: ‘modesty. of claims, : and its wealth of significant data in their 
‘proper relationships. The final paragraph pr eceding “Acknow ‘ledgments”’ 
deserves particular emphasis, which - may be afforded by an illustration from 
the writer’s personal experience. 
Ine connection with a paper on the characteristics of flood flow (23),* the 
insertion of a few brief paragraphs on rainfall phenomena, particularly in | 
their relation to floods, was found desirable; and several months of study under | 
q the local Weather Bureau officials were required before that portion of the 


text: its” final for course of intensive study 


(24), for which the nucleus 
was diverted the earlier paper. ‘Fully five years were 
on needed to encompass the first phase of that project, namely, the assembly ‘and 

summarization of representative precipitation data from stations throughout _ 
the w vorld |. Basie principles and interesting relationships were set forth as a 
_ preliminary to solving. some of the outstanding problems involving rainfall and 


re investigation so broad, ‘that i it seemed best to publish the assembled records 
“with such brief discussion of fundamentals as had been prepared and to ag 


tension of the hydrologic field. 


_ Nots.—This paper by Merrill Bernard, M. Am. Soc. C. E., was naiiichadiin January, 1943, Proceedings. 
Discussion on this paper has appeared in Proceedings, as follows: March, 1943, by Edgar Dow Gilman, M. 


* Hydr. Engr., With Office, Chf. of Engrs., Washington, D D. Cc. 
Received by the Secretary March 11,1943. 


4b Numerals in parentheses, thus: (23), refer to corresponding items | in the Bibliography (see, Appendix 
7 +d at the end of the aoe, and at the end of discussion in thisissue. 
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“% In the course of writing chapters for recent volumes, all dealing with some 
phase c of hydrology, the w riter has observed that the progress is so rapid that 
extensive e study is required for one to avoid becoming out of date. 
- After reviewing the most notable recent advances in practical hydrology 
and meteorology now largely associated with the demands, as well as the 
facilities, a afforded by aeronautics for « obtaining three- weather data, 
is Ww ith the of any new ideas he has brought forth, 
and inviting solution. 
Frankly, within the writer's experience, some of the methodology and findings 
that rated highest according to his judgment were promptly relegated to the 
réles of “incomplete forward passes.’ "Probably the surest way to have new. 
- procedures adopted for general use is ‘to have them devised and announced by 
responsible, thoroughly organized agencies. This leads inevitably to the 
~ eonclusion that such official representatives should continue to set the pace 
and to direct the vanguard in notable advances. Unofficial utterances: possibly 
attain the importance of “aerial reconnaissance, or even desultory 
“bombing”’ of a hostile, unknown area. Complete mastery of the- situation 
will continue to depend on the organized efforts of “ground troops’’ and their — 
occupation in force: | 
Although accepting the authoritative « data and their analysis as presented 


in n this paper, the writer submits herewith some e qualifying notes and | queries, 


an the sun is near tt the zenith, but correspondingly ‘more as the rays become 


"more e inclined. Examples s of equivalent masses are 34 ft of clear, 


"gathering of cloud masses, the tation. sufface is elevated high 
_ above the ground and applied to to the the heating of a lesser mass of atmosphere, 


in a rarefied condition, resulting i in n pronounced thermal changes. and gravita- 


tionalinstability therein, 


Is it not quite probable that much of the turbulence and | convective move- 


ment results directly from the local effects of solar e energy applied to the upper 
_ surface of the cloud r masses? Such heating should d dispel the upper fringe of 
cloud forms, and the induced buoyancy would g give an upw ward component to 


‘a eae 2. The author and other writers assume that contained i in the atmospheric 
8 column covering the globe i isa single inch of water, on an average, , With ap- 
pr ropriate excess in torrid regions and deficiency near the poles. Tf this 
correct, it seems inconsistent to assume a depth of only | 0.88 in. for the precipi- | 

_ table moisture on the date of heaviest rainfall, during the storm which most. 
ne early represents the maximum possible. It is of record that more than 1 in. 
"s fell at Cincinnati, Ohio, in the hour extending somewhat beyond midnight of 
March 25-26, 1913; and considerable areas recorded as high as 6 in. in 24 br. 
It would have required ‘more he horizontal wind d movement than has been recorded. 


to account for the seven complete displacements and renewals of air columns’ 
over those e) extensive areas of “high ve; and those same areas would have 
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been flanked by regions of deficient rainfall, if the air masses had been ‘wrung 


7 On the contrary, the 1,100 sq miles of area with precipitation depth 6 in. 
£ or greater were flanked by areas of moderate rainfall depth; 12,000 sq miles 
0 with 4 in. or more, and some 20,000 sq miles with 3 in. or more, and much 
TABLE 3 3.— —Srorm or Marcu 24 To 27, 1913, as Recorpep at U.S. WEATHER 5 
Bureau 8 TATIONS IN TI (C) anp Dayton (D), Onto 


| TEMPERATURE, IN Drorers VELocity, MILES 

1e 4 - - 

ly ! 221 | 295 
ry 26 44 | 37 | 32 17 NW | .... 
27 | 37 | 32 | 32 | 28 | 27 | 23 | 


‘greater areas 2-in. and L -in. | that the width of 
incoming tropical airstream was 200 miles, then the movement required for 


es, 
a extracting the average depth of 4.7 in. within the 4 4-in. isohyetal is is expressed | by: 

ere Horizontal wind velocity i in miles per hour, V= 088 24 = 13.3 al 
To s supply the with lesser depths included in ‘this particular 
me 


storm pattern, much greater wind velocities would have been required. 

sumption of greater precipitable depths of moisture would reduce the corre- 
ating wind movement, at least to stay within the maximum "velocities | 
observed at the Cincinnati station, as recorded i in Table ~~ |. 


Quoting: from a previous paper (24a): 


ee condensation of 1 in. of rain releases the equivalent of 2 h. P-- 
hours of energy per sq.ft. of surface, or nearly 87 000 h.p.-hours _per acre. 
7 If applied exclusively toward heating the first mile in height of air column — 
above sea level, the resultant increase of temperature would be 30° gl 
- or more, depending on the density and humidity; and this thermal change 


t to ._ _ Would cause an expansion ranging from 6 to more than 10 per cent. 

is al The resulting buoyancy would be of the same order as that possessed by 

ice or logs floating in water” 

| ap - ‘There i is no more assurance of confining the released energ gy to the heating , a 

“of the lower mile of the atmospheric column than of applying similar heat 


‘units ‘solely to the melting of snow cover as the vapor condenses upon its 
regal A considerable time factor i is required to complete = transfer of the a _ 


the remainder to the surrounding atmosphere. Furthermore, ‘the natural _ 
Surface runoff on perceptible slopes may limit the time of ‘comtect for : the 
condensed moisture an and the snow surface, thus preventing complete transfer 
| of the released e energy. y. During | a cold spell following a a . heavy snowstorm in 


Washington, ‘D. c,: “attempts were made to remove some of the cluttering 
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show heaps | at intersections by the application of blowtorch flames to tunnel 
through the compact mass. ’ The s slight trickles of w ater r reaching the e gutters 


Discussions 


and the slow progress in snow removal plainly demonstrated that heat was being : 

_ dissipated into the surrounding atmosphere instead of into the packed snow. 7 | 

_Inasmuch as the first volume of daily Climatological Data began in January, 
. _ 1914, before much progress had been made in regular observations aloft, it | 


- may be well to present some of the available records, pertaining to the storm 


of March 24 to 27, 1913, in Ohio (see Table 3). 


In is siseen ‘of direct observations as tou pper air conditions, only 
estimates and assumptions are avi ailable. Nevertheless, condensation and 


WS 


Sea a were proceeding. vigorously at the prevailing temperatures as 


‘observed at U. S. Ww eather Bureau stations; therefore, the actual dew point 
for some of the air masses involved in the turbulence might h have been somewhat 
higher than the station temperatur res. At Kew, near London, England, it was 
‘observed that the normal variation of dew ‘point under foggy was 
nearly half the diurnal variation in station temperature, thus amounting - to 
‘some 13°C or 23.4° F (17a). W. Napier Shaw has” presented tabular data 
(25) showi ing the water- -vapor “capacity of saturated air up to 30,000 ft above — 
= level as more om 0.73 in. in depth when the temperature at the base of of 
the column i is 50° F. - Field observations at St. ‘Louis, Mo., with a maximum 
__ observed temperature of 77°F, gave the atmospheric | moisture capacity at 
‘saturation as 2.28 in., of which 1.67 in. ‘subject to precipitation; and 
other s stations recorded moisture capacities of 2 60 and 2 92 i in. , respectively, for 
ee of 77° and 7 7s, with 1.67 and 1.41 in. subject to } pr recipitation (26). 
a 3. W hether te temperature gradient was subjected to inversions, in- 
- creasing ‘the moisture capacity, or to yore irregularities resulting from the 
general turbulence, the heavy precipitation and the corresponding release of 
_ energy from the condensing vapor was not ‘recorded, as upper air data were 
‘not observed. No one can say authoritatively and convincingly, therefore, 
that the total moisture content of the air column was only 1. 40 in. nor that 
the precipitable moisture at the beginning of the storm was only 0.88 in. or 
double that : amount. — Of | vastly more importance are the foresight, determi- 
‘nation, and courage displayed both in the establishment and the maintenance 
of the Hydrometeorological | Division 2 and in its guidance toward the solution 
of vital problems affecting the national security and economy. aa pont 
After all, the r rainfall-runoff relationship is is a simple one, despite the compli- 
cated, elusive, and partly indeterminate factors involved. One of the 
portant keys to its ee “unit hydrogr aph” (27), written following the — 
November, (1927, floods in N New England, seems destined to stand as a monu- 
“ment 1 to organized research. — This clear concept, by L. K. Sherman, M. Am. 
Soe. C. E., was developed furt ther by Mr. Bernard’ s keen perception and adroit 
7 adaptations—together with the determined efforts of the U. Geological 
Survey; the § State of Pennsylvania; the Corps of Engineers, U. S. . Army; the | ; 
W eather Bureau; the ‘Soil Conservation Service; and other federal or 
local a agencies—to provide a sa safe and logical basis f for analysis, forecasts, and 
design related to floods and plans for their control. ‘Naturally, important 
contributions have come “Boo. C. the vanguard among consultants, such as 


Robert E. Horton, M. Am. Soc. C. E, : 
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San Carlos Reservoir Storage, Inflow, © 
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ond Horace Ww. ood, Jr. , M. E. Mr. Wood's work, ‘Flood 
Flow on Missouri Streams” ’ (28), gives an of methods 


J now in vogue, including empirical and other formulas together with the “ “unit 


hydrograph”’ i in their appropriate 


RAINFALL AND RUNOFF ‘i 


20 


Year Average 


xcess Precipitation Departures, in Inches 


Vv 6-Station Annual 


o 
r 
Basin 


xm (0) STORAGE, INFLOW, AND 
Gila River Discharge Departures from 
Average, Above Coolidge Dam OUTFLOW, SAN CARLOS 


Annual Outflow at Coolidge Dam 
_o© Accumulated Storage at Coolidge Dam in! 

San Carlos Reservoir, Ariz., on Dec. 31 and at | 

Times of Pronounced Breaks in Storage roe = 


for Each Year. Began in October 1928 


21—Gma Basin, as at CooLipGE ARIZONA; ANNUAL PRECIPITATION 
AND RUNOFF Excess CoMPARED WITH (46-YR AVERAGES 


In spite of the varied topography and hydrologic « as well as meteorological 
characteristics of the semiarid Southwest, the writer has found some very 


| consistent relationships between rainfall and runoff excess or deficiency, year 
ty year, from 1895 to 1941, inclusive. 
The 46-yr average values are as follows: 
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of rainfall depths at six stations on the Gila 
‘River watershed above Coolidge Dam, Arizona (Fig. 21), and of the nine 
‘stations on the Rio Grande watershed above Elephant Butte, N. Mex. (Fig. 
22), were subtracted from the respective 46-yr means for those same station ry 


od groups, to give the excess or deficiency for each year. Corresponding de- — 


oo -partures from annual mean runoff depths per year throughout the same record 
a eriods, plotted on a scale 10 times as great, show fair agreement ¢ generally, 


‘ with several of the years recording | nearly. coincident plottings. Likewise, 


(a) EXCESS OF ANNUAL 
RUNOFF 


4 
V Departures of 9- Station Annual — 


rage, 


Deportes of Rio Grande - 


Discharge at San Marcial 
from 46-Year Average 
Annual Discharge of Rio Grande 
at San Marcial 4 


Annual Outflow at Elephant 

ButteDam 
Reservoir Losses. Storage % 


rs 


of Record 


‘Fie. 22.—Rro Granve ‘as OBSERVED aT SAN Dam, New Mexico; ANNUAL 
Precrprration aND RunorF Excess CoMPARED wiTH 46-YR AVERAGES yew 


ol the cumulative effect of a series of relatively we wet seni such as 1918 to 1920 
he on the Rio Grande : and 1905 to 1907 or 1911 1 to 1916 on the Gila River, and 
the subnormal rainfall generally from 1932 to 1940 ) on both + watersheds, 
culminated in great departures from normal runoff and associated | storage 
volumes, either in underground or in major surface reservoirs. 
2 In 1941, with rainfall nearly double the normal, runoff was recorded 
Rag representing nearly 4 times the mean for the Gila River, and more nearly 
= — 7 times the mean for the Rio Grande at Elephant Butte (where ae excess 
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Sufficient data were to determine the med losses in 
4 Butte reservoir, ‘with a mean of about 200, 000 acre-ft and a maximum of - 
= | 7 648, 000 acre-ft in 1920 (during the initial filling of the higher contours which 7 
D required heavy contributions to bank storage). i During 1918, the reservoir 
7 losses | were n nearly balanced by return flow from bank storage; and, during the 


critically dry season of 1 940, the return flow not only equaled the ‘storage s —_ 
losses, but also provided a a dividend of 48,000 acre-ft for use in the lower 
, | — Asimilar approach would disclose interrelationships between either monthly | 


7 or daily y rainfall and runoff, provided a all of the principal factors, such as. 

| — rainfall and temperature, and their effect upon soil moisture, are 

given due consideration. Similar relationships for and 
volumetric quantities, which affect both peak and total discharge at su — 


stations along the river channel, would be found. _ 


: Neither the microscopic approach, through rainfall intensities per hour or 
minor fraction thereof, nor the telescopic approach, through record means and _ 
departures therefrom i is of all the vital questions pertaining | 


ure, in inches 


Both of those approaches, occupying intermediate ground, 
- should be regarded as independent witnesses contributing evidence on the 
problems involved. The author has done much toward integrating the 
available records as wil as the logically derived implications, and thus has 


4 


Excess Runoff Depart 


- 


completed one of the “forward passes "previously attempted by ‘the writer 


1.0 
 ¢ y estimates shows that real progress is now being made on this important phase of 


. (23) (24) before such a wealth of data, methodology, and coordinated teamwork 
20 was at hand. 
Ivan. E. _Houx, A. Soc. Cc. E.°—Estimates ¢ of maximum possible flood 
1S ¢ tes must often ne » made for use in designing spillways and other hydraulie 
q 
| structures, as well | as for use in planning major flood control projects. The 
é author’s comprehensit e discussion of ‘meteorological problems i involved in 1 such 


— 


c 


and their to maximum possible floods should prove valuable to’ prac- 
ticing hydraulic engineers, to flood control specialists s, and to all scientists 
actively engaged i in meteorological and hydrological researches. aoe 
- _ Naturally, th the occurrence of the maximum possible storm on a giv ren drain- 

& age area does not necessarily mean the occurrence of the maximum possible 
- flood, even though the duration of the storm rainfall may equal the time of 
concentration for the ¢ given area. This is especially true for relativ vely large 
7 drainage basins in temperate zones, where conditions of snow cover and surface 
soil moisture content constitute important influences on rates of flood runoff. ; 
ite gradually becomes less certain as the size of the basin decreases. In the 
sack of a a comparatively small area subject to to intense rainfall of the thunder- 
storm or cloudburst type, the maximum . possible flood probably i is caused by 
the maximum possible st storm, since the rate of infiltration (even under optimum 


condition) usually is only a small proportion of the rate of -cloudburst pre 


Senior Engr., Technical Investigations, Bureau of Reclamation, Denv Colo. 
Received eived by the the Secretary February 23, 23, 1943. 


hydrologic work. — The accompanying data regarding maximum possible storms 7 
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. The world’s records of most intense point rainfall show! n in 1 Fig. 7 suggest 
the question as to whether or not they represent maximum m possible rates of | 
hos 

rainfall. ‘The question is “primarily of academic interest, since it probably 
never would be economically advisable to design bridges, culverts, sewers, 
- spillways, or other hydraulic structures for the intense rates of runoff which 

gach precipitations would produce. Probably the points shown on the diagr am 


represent rates somewhere between _ 90% and 100% of maximum possible | 


precipitation mates. 
- - +The discussion of the theoretical deter mination of storm rainfall constitut es 


an interesting introduction to a complicated meteorological problem. AL 
though | some items involved i in the iethod of are not 


A 


- general understanding of the problem. The application of Eq. 2 to some 
-sctual storm records and the elites of the results, including values of 
v, and Wz, would constitute a a valuable addition to the paper. oe 


Ww. G. Hoy 1,° M. Am. Soc. C. E. a. summarizing the progress made in 
one phase | * hydrometeorology during the ten years since his earlier r study i in 
— 1934 (29), ‘Mr. Bernard has» performed an excellent service to the « engineering 
% profession. In 1934 no attempt w was made to answer er the question as to whether 
or not the transposed storm was a a “limiting” ‘storm m. . The principal question 
‘hl at that time by the advising committee of hydrologic experts was 


w or not, with reasonable ikelihood, the ¢ gr reat storn ms have 


aed and the continuance of such saline should all aaah: to a better 


| 


of interest. Asa of the research studies observations 
described by Mr. Bernar rd, the hy draulic engineer r of 1943 not only can tr: ranspose- i 
storms © with reasonable surety b but can determine, at least theoretically, with 


the meteor ologic infor mation now at his disposal, the potential limits of storm 
Credit i certainly should acerue to the personnel of the 1 various aaa 
agencies who have worked | on the interrelated hydraulic -meteorologic: 
problems and to the e Corps of Engineers: who in many instances made funds 
a available for such studies. ss N ot to be forgotten i is the engineering g staff of the 
- Miami Conservancy District, wh ho early organized stor m data | for flood studies. 
On June 15, 1932 , special Society Committee on Meteorologic Data 
7 ‘submitted a progress report (30) in which they concluded among other things 

that, as of 1931, “Research in meteorology by the [Weather] Bureau, particu- 

larly along” the lines Ww hich are used by the Engineering Profession, has 

kept pace with the growing importance ¢ or utilization of this type of data, 

nor with research in other lines of science, either. pure. applied.” iz 
, reasonably might conclude from the evidence of Mr. Bernard’ 8 paper t that, as fa 


of 19438, the research in meteorology—especially as it relates to the engineer «Te 

Hydr. Engr. (Prin.), Water Resources Branch, U. S. G eological Washington, D.C. = 1 
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L. R. Bearp,’ Jun. A. Soc. C. E27 Considerable progress has been made 

during the past nat years in developing the science of hydrology. Perhaps 

the most difficult and most interesting development concerns the relation of 

rainfall to flood flow. - Thist newer feature p promises to rival that development i in 
both difficulty and interest. ‘aol 

Because of the value of resolving a variable inte its more 

| _ components, it is is advantageous to deal with meteorological factors rather than 

| with observed precipitation. A disadvantage of dealing with meteorological 

factors is that, as Mr. states heading: “Principles of Storm 

Transposition” there i is available ‘ “a “scanty 8 of 


7 Inr replacing a general function such 2 as flood flow by its several component 


the various. component functions properly. However, if advantage is to be 
‘gained by this replacement, the probable error of the result obtained by using | 
the component functions should be less than the probable « error of the result — 
obtained by using the general function. — With the probable ¢ error of the result 
of each component function known, the probable « error of the combined result 
can be by the equation (31): 


é 
= ) 
inw which Gene are m component functions, and in which: R = probable error of 
the combined result; tha the combined result expressed in terms of the com- 
ponent results; z zg=a component result; and r = probable error of a component _ 
‘result. The relation of runoff to the component factors is not often a simple 
‘differentiable function, and much simplification would be necessary in order to | 
apply Eq. 3 mathematically. However, it should be noted that the probable 


“error of the sum or difference of m quantities is equal t to 


“convective activity, pavers ete. is necessary to 


ror of the product of two numbers i is — to 


_ The important point si be made is is that ‘ti possibility of evaluating one © 
“factor ver very accurately should not be interpreted to mean that the combined 
i is necessarily evaluated accurately. If the maximum possible rainfall _ 


could be evaluated with gre: great accuracy, then the probable error of _ maximum 


7 Asst. Engr., U. S. Engrs., War Dept., Los Angeles, Calif. 
Received by the Secretary March 16,1943, 


= 
: 
n 
or a4 

as 
od 
th 
7 
ont 
é 
cu the probable er — 
he 
ata, 
it 
One 
. 
neer 

| 


4 possible flood d derived therefrom would be ‘slightly greater, on a percentage 
basis, than the probable » error of the maximum possible over-all runoff coeffi- 
cient. In general, the function “r runoff coefficient” in terms of 
. infiltration, snow melt, detention, ete. 7" is less reliable than the ‘ “runoff function,” 
since it is derived from the latter. — However, the: runoff-coefficient function 


may converge more rapidly than does the runoff function, for which reason it is 


“accurately from rainfall than from runoff. The method by which maximum 
accuracy is obtain 


ed must be selected foreach case. 
: a In 1 the determination of a maximum possible val value of a function such as” 
wind velocity, the procedure is not entirely mathematical. In general, — 
a value is merely considerably greater than any observed value (this is sub- 
stantiated by the fact that the value is referred to as “ maximum probable” 
_ by many). It is true that, in most cases, one scarcely can imagine a larger 
value. | “However, one hardly could i imagine the occurrence of the Republican 


_ River flood of 1935 prior to that time. *. hen the determination of the many 


- that the a accuracy acy of the combination bé teventianhell may be hasta upon asa 
bit farfetched. _ However, the the accuracy may be evaluated i in the same manner 


the ‘quantity with the same justification. 
_ _ There is one other point to be considered which is somewhat related to the 


accuracy discussion. - Spillway and other designs s sometimes are based c on the 
7 maximum possible or maximum probable flood. In these cases, maximum 


possible values necessarily are evaluated as low ras judgment allows (in order 
that construction costs will not be prohibitive). or hazy 


maximum p it often is called maximum ‘probable. The best that can 
be said for such a quantity i is that. it is is perhaps a very | howe quantity a and that | 
it is the result of a decision making a g a design possible. ‘Such a decision might 
- not have been made if a more definable quantity were demanded. In other” 
words, it “gets the job done. ” The worst that might be said for such a quantity 
is that its use as a maximum wees value would cause the following: —_~ 


= (a) The engineer would use the value as a basis for his calculations and his 
- judgmer nt and, consequently, for his decisions, and therefore would not have a 


basis for such decisions; and a 


(2) The economic calculations would be i in error because the possibility of 


oa | disaster resulting from an occurrence in excess of | the maximum probable 


One > example le of a a Temote gee A which is wndinenity neglected is the 


of water. Under these conditions, ‘the: ‘maximum ‘possible runoff 
Th designating a region baw being meteorologically homogeneous, certain 


mitted. The “western side the Pacific Coast 


— questionable whether the maximum possible runoff can be determined more 4 
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qualities, ‘upper wind 1 velocities, and many other qualities, with certain tolera- 


tion. ~ However, one rightfully cannot transpose the rainfall data shown in 


Table 1(j) to any part of the region. This is because the areas in which these 
excessive rainfall amounts occurred are areas of. ‘normally high rainfall ‘and 


cannot be considered to be on a par with other areas in the Tegion. — Opids © 


Angeles, Calif., which i is s about 15 miles distant. a Almost “oo the vainfall 


There’ are many other areas in the United States where ‘imple 
storm transposition would be cea, and where the —_— of f meteoro- 


ae to air have shown that the horizontal diameter of such a cell is on 
= order of three to four times the depth ¢ of the cell. As Fig. 17 shows only 
‘the rising half of the cell’s cross section, the drawing | of the: descending | (outside) 7 
part of the cell would complete a cell whose diameter, in this case, is about 
two times the depth. - Condensation would c occur in the part of the cell shown 
- (ascending air), and rainfall therefore would occur below and near this part. — 
Only very light rainfall, if any, would occur below the descending part of 


The type “a rainfall which i is s steady and almost uniformly distributed over 
zz areas generally is associated with a cyclone and, often, a a frontal system. 
The cyclone, \ which h may extend far into the e stratosphere, isa result of dynamic 
‘ instability and cannot be classed as a . convective ‘cell, which is a result of — 
thermal i instability. . Often, however, ‘thermal instability. is present in the 7 
vicinity of a cyclone, in whieh vase both types of rainfall are superimposed ie 
a Numerous other complicated factors should be considered before a meteoro-— 
~ logical analysis can be attempted for any area. Some admirable work has been 
- done in this line by J. Bjerknes, consulting meteorologist, and by the Pacific © 
Division Office of the U. S. Engineer Department at San Francisco, Calif. 
- This work should be of considerable value for the formulation of a a procedure 0 of 
(17a) “Weather Analysis and Forecasting,” by | McGraw 
Co., Inc., New York, N. Y., 1940, p 124, Fig. 68. 
(23) « “Flood Flow Characteristics,’’ by C. Jarvis, Transactions, Am. | Soc. 


C.E., Vol. 89 (1926), pp. 985-1032. 
“Rainfall Characteristics and Their to Soils and Runoff,”’ 
Jarvis, ibid., Vol. 95 (1931), pp. 379-423. (a) p. 
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| 
north and east of Los Angeles, the area which could be said to have reasonably a > ae 
ro he convective cell of Fig. 17 is the type of phenomenon which produces | — = 
n burst or thunderstorm precipitation. The height of such a cell normally i > 
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Dictionary of Applied Physical Vol. III, p 61. 
“The Unit Hydrograph and Its Application,” by. Sherman, Journal, 


Associated State Eng. Societies, April, 1941, p. i 
- (28) “Flood Flow on Missouri Streams,” Bulletin No. ). 80, Univ. of onl 


- “Unit Hydrograph Method and Storm Transposition in Flood 1 Problems 
Relating to Great Storms in Eastern and Central United States,” by 


Merrill Bernard, — Supply Paper No. 772, U. S. Geological Survey, | 


(30) “Meteorological — Proceedings, Am. Soe. C. E., ‘Vol. 
pp.153-182, 


Wiley & Sons, Inc., New York, N. Y., P. 
Corrections: for ‘Transactions: In Je Proceedings, page 107, delete lines 


23 to 27, with Fig. 2, and substitute: 


Wakefield, Kans., that the discharge i in Republican | River could 


LID X (1933), 
_ (31) “Handbook of Engineering Fundamentals,” by Ovid W. Eshbach, = 
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had increased from 37,500 to. 47,500 cu ft per sec in 1903, and to 70,000 cu ft per 
see in 1915, but for the next twenty years the river failed to reach or exceed the 
1915 crest discharge. In May, 1935, the Republican River Basin v was visited 
on a storm which produced a flood peak estimated at 180,000 cu ft wal sec. 
The prevailing maximum- “flood discharge, 


On) page 110, lines 1 and 8, substitute “discharge ’ for “stage.” 
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‘DETERMINATION OF OF KUTTER’ S n FOR. SEWERS 


PARTLY FILLED 


Discussion 


BY MEssrs. HOMAS R. 2. CAMP, AND RICHARD G. COULTER 


‘Tuomas R. Cann: Am. ‘Soc. C. E. The measured. values of velocity 
cand friction factor ‘submitted by Mr. Johnson, for partly filled ‘Sewers, consti- 


to a cross section; they a are valuable because the 
depths : are so 


‘necessary in to assume a constant of n of the ‘of. 
flow. . This practice is illustrated i in the shapes of the curves for the “hydraulic 
_ elements” appearing in most textbooks on sewer design; in which the velocity 
for a half-full circular pipe is shown to be the same as the vernatly for the full 
pipe (see the broken line curve in Fig. 

In: measuring the friction factor in a sewer, the « experimenter has no control | 


7 over the discharge and must t accept the flow att the time of the measurements. 


_ Therefore, the scarcity of measurements for ¢ "any y substantial variation in 1 depth | 7 
a for the same sewer is quite understandable. — ble. In fac fact there was no ‘no substantial = < 


variation in depth during Mr. Johnson’s : measurements, , and the conclusion that 
per : n varies with depth hardly can be drawn solely from his recorded observations. 

the _ It is to be regretted that the opinion is so widely held that measurements. 
ited og in pipes carrying clean water are ‘not applicable to the flow of, sewage. 


in sew: age is so small that it has a ‘negligible diene on n the flow 
j on in the pipe. . The friction factor is a function « only of the Reynolds | 


number and the pipe roughness, and therefore measurements made with clean 


_ water are equally applicable to sewage flowing in the same pipe. = 


1943, 


_Norr.—This paper by C. Frank Johnson, Assoc. M. Am. Soc. C. E., was published in February, 
Proceedings. 


1 Associate Prof., San. Inst. Tech. Cambridae, Mass. 2 
* Received by the Secretary Fobruncy 25, 1943. 
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Measurements such as those made by Mr. are of limited value 


wile the results can be used to predict what the friction factor will be at other _ 
gies flow. His estimates for the ie values of Kutter’s n n for the sewers s flowing — 
full are not substantiated by any experimental measurements, s, and they throw a 


CAMP ON ‘KUTTER’ sn FOR SEWERS: Discussions 


nO light upon the value of n for other depths. 
an The best experimental measurements for sewers of circular cross section — 


flowing partly full appear to be th bese of E.R. Wilcox” on 8-in. clay and con- — 


— 


f Depth to Di 


re) 
2 


04  — 06 


9 
erete sewer pipe and Ss. M. oodward, Hon. M. Am. Soe. C. E., and ‘the late 
Bo L. Yarnell, M. Am. Soe. C. E.8 on ‘epen-butt-jcint concrete oul clay drain 
- tile: 4 in. to 12in.in size. In Mr. Wilcox’s work the pipes were clean and were 
7 laid carefully with good joints. The drain tile used by Messrs. Yarnell and 
Woodward Placed carefully in earth but with open- -butt joints. The 
— ranged from about } full to full, in these experiments. The results 
showed conclusively that friction factor decreases as the depth of flow i 
creases, but the data were erratic that r reliable and accurate trends of frict friction 


Comparative Test of the Flow of Water in 8-Inch Concrete and Gomer Pipe,” 
by! E. R. Wilcox, Bulletin No. 27, Univ. of Washington Eng. area Station, March 1, 1924. 
8 “The Flow of of Water it in Dale Tile,” by D. L. Yarnell and S. M. Woodward, Bulletin No. 85h, 
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. The writer ‘undertook a study of these de data! in in an effort to find a trend of 


| friction factor with depth. “The: average e value of the Weisbach- Darey friction 
factor f in Mr. Wilcox’s wail was about 0.019 (Manning’s n = = 0.00 0095) for 8-in. _ 
_ vitrified sewer pipe flowing full and about 0.022 (Manning’s n = 0.0102) for 
- 8-in. concrete sewer pipe flowing full. ¥ In the experiments of Messrs. ‘Yarnell: 
and Woodward, the average values of f and Manning’s n for the pipes flowing 
full were as shown in Table 6. _ These values are much less than those generally 


TABLE 6. —Ratios OF CTION FoR VARIOUS 


Manning’s 


0.0108 
| 


0.0108 1.06 
0.0107 1.21 
| 
used i in practice. (The subscript. Pp herein denotes ‘ ‘partly full.’ ”) 
- study « of the ratios of the values of the friction factor for partly full f, and 
full pipes f in in these experiments indicates a trend as shown by the points marked 
with circles in Fig. 9. _ These points represent | the average results of 824 experi- _ 


ments by Messrs. Yarnell and Woodward « on well laid drain tile, both c concrete 
alee 
and clay. The average values of 


Pipe | Fricti 
(inches) 


0.0005 to 0.015 are shown in Table 6. ; ; 
‘The values of the ratios — > shown from the experiments of Messrs. Y arnell 7 
ase and Woodward as well as iene those « of ‘Mr. W ileox were quite scattered ; but : 
the averages for each ratio of depth in diameter, — , checked closely for both 
studies, the maximum deviation being about 5%. The experimental 
t 5 seemed to show no consistent influence of the pipe material or of the veltution. 


: ‘in pipe size or slope. Mr. W ileox used slopes of 0.005 to 0.04, so that the range 


of slopes for both sets of data was 80 to 1. ay ) Seas ay 


A A study of the effective roughness projection } k in these pipes ws was made from ym 


the ve von n Kérmaén-Nikuradse"® theory of turbulent flow in full pipes. value 
of eva friction factor f as given by Theodor von Kérmén, M. Am. Soe. Cc. in 


Mechanics for Hydraulic Engineers,” by Hunter Rouse, McGraw-Hill Book Co., Ine. New 
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ON KUTTER’ n FOR SEWERS| 


on pipe wall The effective projection on the w walls of the pipe 


es: fairly good estimate can. be made of the values of fi tor Mr. Johnson’ s 
Sewer D, and for Sewer A considered as a circular « conduit, by gt guessing atthe — 


_ effective roughness projection ke From the description ¢ and from ‘Fig. 2, a 
= of 0.5 mm seems reasonable for k, in ‘Sewer A. - From Eq. 28, the corre- | -_ 


sponding value of f is 0.0117, siting Gah tole is fully developed in K 
_ the boundary film. Fora smooth pipe, the value of f for Sewer A would | = 7 sr 
0.0081 from Eq. 2a. An investigation of the thickness of the laminar film for. ~ 
the smooth pipe that turbulence is not fully developed fork = = 0.5mm. 
Hence ce a sémewhat smaller value of f, say 0.011 (Manning’ sn= 0.0125), As 
selected for Sewer A. _ From the photograph of Sewer D (Fig. 7), a value of | -” 
2 in. seems reasonable for k; and, since turbulence i is fully developed near the 7 - i 
Wi vall, the corresponding of f is 0.038 _(Manning’s sn =0. 016). 
The writer has computed the values of f, from the author’s measurements, a 
and the corresponding ratios based on the foregoing values of 
Sewer A, the average value of of fp f for runs 1, 2, 4, and 5 ‘is about 0.031 for Ne 
= 0.042, the corresponding value of being 2. 8. For Sew Sewer A, if 0.028, the 

fp is about 0.035, and = 3.2. ‘For Sewer D, if 0.11, the average whi 

of fp is about 0. 09, oni 7 = 2.4. The points corresponding to these value 


sre shown as in Fig. 9, and the previously constructed curve has 


3 


eae projected through them. 


For 8 Sewer D, if the effective roughness projection is in. or in. in., the nea 
values of are 2.0 and 3. 0, ‘respectively. For Sewer A, iffis swe 
taken at 0.010 or 0.012, the corresponding ratios . - are 3.1 and 2.6 for -infl 
= 0.042 , and 3.5 and 2.9 for = These points are indicated 


-X in Fig. 9 for comparison with the selected values. 


‘The effect of the variation of ~? as shown by the curve upon the ‘ hydraulic 


elements” is to displace t 


he velocity. and discharge cw curves from the position 
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n J D and k = the rough ss 

q 

q be 

— 

— 

| 

| 

ul 

— 

— 

— 

| 

— 

— 

— 


wie COULTER ON K UTT ER'S n 


values of the ratio of Manning’s 


on 


ave been | computed from the corvenponding values of and are shown in 


The positions of the curves ~~ ? and ”? in this figure are based — the 


best : available experimental data, but these data are none too reliable. for he 


"purpose. Accurately controlled hydraulic laboratory work for a more» precise 
evaluation of these functions is badly needed. | 


Ricnarp G. Covurer," Jun. Am. Soc. Cc. his work at 
Ky., the author a phenomenon by earlier investigators. 
Ina given channel, Kutter’s n n tends to increase as the depth of flow decreases. 
|" his conclusions, Mr. Johnson attributes the higher values of n at low flows 


to friction between the sewage surface and the air and the coating of slime and 


‘grease on the low er st section of the sewer Wé alls. 
The results of av rery "comprehensive s series of experiments on drain tile, 
4i in. to 12 in. in diameter, with slopes | varying from) 0.0005 to 0. 015 and w ith 
‘depths: of flow > varying from about one fourth of the diameter to full,!” were 
reported by S. M. Woodward, Hon. M. . Am. Soe. -C. E., and the late D. L. 
arnell, M. Am. Soc. C. C. E. in 1935. 935. ‘These were laboratory. experiments 
w rith great car “care; but the r results with flow at part depth varied 
considerably. They show ed, in general, that the value of n was greater w hen 
the drain was partly filled than when entirely filled, the excess at one fourth 
of the. depth being roughly from. 10% to 50%; but there were a few cases in 
which lower values of n for less depths of flow were found. _ 
Theodore Hor ton, M. Am. Soc. €. E. published the 1 result gagings in the 
_ sewers ers of the North Metropolitan Sewerage System of Massachusetts. 18 In this 
_ work n both increases and decreases, with increases 1 in the depth of flow (hy- 
draulie radius). Ina description of the sewers gaged it is stated that: ‘Deposits 
of grease and organic matter appeared on both sides of the channels, greatest 
“near the line of flow; and there w was no deposit on the 


results and description show that. the channel 
r influences n in ‘operating sewers. The investigations of Messrs. Woodward 
and however, were on clean pipe in ork, 


om: 1 asing 


16 Draftsman, C. C. wn, C. Combs New York, N. Y. 

16a Received by the Secretary March 9,1943, = 
rag “The Flow of Water in Drain Tile,” by D. L. Yarnell and S. M. Woodward, Bulletin No, 88 854, 
8. D. A., 1935. 


18 “Flow in the Sewers of the North Sewerage System of by “a 
Horton, Transactions, Am. Soc. C. E., Vol. XLVI (December), 1901, P. 78. 
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a A more basic explanation of the variation in n with c change in depth of flow 
_ may be obtained by recalling the laws of hydraulics used to derive the Chézy for- 


mula, Eq.1. Fundamentally the resistance to flow is directly proportional to 
the frictional surface and variable with the v elocity of flow in the relation, fric- 


tional resistance = f vy In addition, internal: Tesistance i in the fluid varying 


with the: viscosity and diameter of the eondalt must be taken. into account. a The 
effect of the diameter being inversely proportional to power, m, of the diameter. 
Thus frictional resistance F, taking into account all ‘the experimentally 


determined facts, becomes: 


in which K = a constant for wall friction; ; y = the contholont of velocity rela- 
to wall friction; and x = the of diameter or hydraulic radius” 


de 


y 


Poe. In Eq. 6 the coefficient Ci ‘is constant for a channel of given I material am 
a and B are assigned correct values. (Formulas giving varying exponents for 
different classes of channels have been introduced.!®) By inspection, it will be 
seen that a and # are influenced by the velocity, friction, and diameter or 


“hydraulic radius. 

In the Chézy formula a and B ‘are assumed constant at 0. 05. 1 Therefore, 

is no. longer ‘a constant indicating channel friction; it becomes variable” 
chiefly i influenced by roughness, modified by slope and cross § section to _com- 
pensate for errors in the. exponents s assigned to R and S. 
- _ The empirical Kutter formula, devised to obtain values for C, ee. 
the variables n, R, and S, with n as a constant for roughness and R and S to 
correct for the conditions of flow. | However, R and S have constant exponents © 

when their inclusion is necessitated to correct for exponential variation. 
The result, when C is determined for various depths | of flow in a given channel © 
the Kutter formula for Causes not only to indicate roughness but. 


also to reflect the changes i in 1 hydraulic radius. 
is: 19 “Handbook of Hydraulics,” by Horace W. King, 3d Ed. 1., 1939, pp. 270-271. : — a 
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PERMEABILITY OF MOUNTAIN DAM 
“CORE MATERIAL 


By E. CHRISTIANSEN, AND — 
| “AND. WILLIAM P. CREAGER 


Bsa. i in that can be obtained merely by 
mpacted are emphasized 

in this i interesting paper. ; "They reveal s a phenomenon that probably has not 
“received sufficient attention and about which very little has been reported in 7 
the literature on this subject. i. The tests reported show variations in permea- = 

3 bility as high as 10,000 to 1, caused by differences of only 1% or 2% in soil- 

me moisture content a at the time of compaction it in the permeameter, = ee 

It is the pt purpose of the writers to call attention to another factor, g generally 
"overlooked, that also can cause very large differences in permeability values of 7 

z -soils—namely, the chemical composition of the water used for the permeability 
test. _ The writers have been primarily interested in the permeabilities of agri-. 
cultural so soils as related to infiltration of rain and irrigation water and to soil 

- drainage. — In these studies, the soil in the permeameter has not been com- 

- pacted highly, but has been brought approximately to the field density of the 7 

- soil. It is possible that the large differences in the permeabilities of these sc soils, 
“resulting 1 from differences in quality of water, would be reduced greatly in 
‘magnitude if the materials were compacted more ‘highly, but, as yet, no tests 
4 have been made to support tl this Possibility. 


In ‘preparing: the samples for testing, the soil is first air-dried and sieved, 
Y poured into the permeameter, leveled, and then jarred a specified number of | 
times to bring the materials to a fairly uniform density. Next, the soils are 


slowly wetted from below until the soil mass is saturated and most of the air _ 


__ Nots.—This paper by Allen S. Cary, Assoc. M. Am. Soc. C. E., and Boyd H. Walter, and Howard T. 

Harstad, Juniors, Am. Soc. C. E., was published in September, 1942, Proceedings. Discussion on this paper 

has appeared i in Proceedings, as follows: December, 1942, by F. H. Kellogg, M.Am.8oc.C.E. | 

*Irrig. and Drainage Engr., U. 8. Regional Salinity Laboratory, Bureau of Plant Industry, Soils, and 

‘Agricultural Eng., teen Research Administration, U. S. Dept. of Agriculture, Riverside, Calif. _ ; 
- _ Junior Soil Scientist, U. S. Regional Salinity Laboratory, Bureau of Plant Industry, Soils, and Agri- 

cultural Eng., Agricultural Research Administration, U. S. Dept. of Agriculture, Riverside, Calif. 
a Received by the Secretary March 1, 1943. : 
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‘CHRISTIANSEN FIREMAN ON MUD MUD MOUNTAIN DAM 


passes the soil and is caught and measured in a 
veylinder. 
Distilled water was used i in the studies reported by the authors. Some of 
the si soils tested at the Regional ‘Salinity Laboratory in Riverside, Calif., are- 
hundred times” more permeable to local tap. water (which 
about 2: 280 ppm o: of mixed s salts—that is, approximately 34 ppm calcium, 35 ppm 
sodium, 6 ppm magnesium, 16 ppm chloride, 36 ppm sulfate, and 153 ppm 
bicarbonate) than they are to distilled water, or to waters containing a high 
percentage of sodium salts. © As is well known, the colloidal complex of most 
agricultural soils of the W - is ‘mainly calcium saturated; that is, calcium is’ 
‘the 1 cation. In these: are reasonably permeable 


~800 PPM Calcium Chloride 


Riverside Tap Water —— 


Centimeters o} of Water Through Soil 


‘Fie. 10. —PERMEABILITIES oF Two AGRICULTURAL SorLs aS INFLUENCED BY WATER 


‘through these ‘soils, base. exchange takes” place. © ‘The sodium ions replace a 
large part of the absorbed calcium ions, and the soils —_ become deflocculated, 
sticky, jellylike, and much less permeable to water. When leached with high 
‘sodium water, some soils remain moderately permeable as. long a as the salt 


content is fairly high, because the presence of salt tends to keep the soil floc- 
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Characteristic permeability. curves for two agricultural in 
- Fig. 10. . The curves show the changes in permeability that occurred with the ~ 
amount of water which passed through the soil. The Hesperia sandy loam is 
a surface soil from near Bakersfield, Calif., and the Imperial clay loam is from | 
near El Centro, Calif. 7 These soils are cute of many others tested i in that 
they show marked differences i in 1 permeability to distilled water as 3 compared . 
with ordinary tap water, or with waters containing only a few hundred parts” 
per million . of calcium salts. It will be noted that the Hesperia soil i is more 
permeable to a solution of sodium chloride than it is to distilled water. _ How- ; 
ever, had this soil been subsequently leached with distilled water, it would _ a 
have been practically impermeable. soil tested was 35,000 times 
= to a water ‘containing 800 ppm of calcium chloride as to distilled 


we er. 


of used for structural In place in ina or 
embankment, soils are subjected ti to the percolation o of natural soil waters con- 


taining salts. They m may be many times more permeable to these 
soil solutions than to distilled water. 


ILLIAM P. CREAGER," Am. Soc. C. E."*—For impervious materials 
‘an amount of moisture should be provided which is slightly greater, rather 
than | slightly less, than optimum, particularly when natural moisture content 
‘is deficient t and more must be added. This fact is indicated strikingly in 
It is understood that th the laboratory tests of the Mud Mountain Dam core 
, material showed no tendency to swell when saturated subsequent to loading. 
7 Although the montmorillonitic fraction of the soil is ‘subject to swelling, it 
constituted only a about 1% of the total volume. 
— However, the following description of the expected behavior of a soil subject 
— to sw elling i is so similar to that observed at Mud Mountain that it is felt that, ” a 
although the Mud Mountain soil did not swell, there must have been some as. 
yet undiscovered action allied to that produced by swelling. The following © 
discussion applies to a soil subject toswelling, 
It is interesting to trace the behavior of soil swelling having different 
amounts of moisture when applied ¢ on the dam or in the laboratory: Forasmall 
amount of applied moisture, the applied moisture is not well distributed — 
throughout the soil, the ‘material is lumpy, and no amount of churning or or 
fr can distribute the moisture uniformly. . Thus, a fraction of the 
‘material has too little, and another | fraction too great, an amount of moisture. — 
The fraction that has too little ‘moisture may be subject to swelling ‘when 
‘subsequently saturated, with resulting i increase in voids and loss of strength. 
ms For instance, consider | Fig. 3 with 16.5% of applied moisture. If one 
; “fraction of the material contains only 13.7% moisture and the other fraction 


Cons. Engr., Buffalo, N. Y. 
Received by the Secretary March 15, 1943. 
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: 19. 6% moisture and the total dry weight is 120 lb, the tention: containing 
only 13.7 77% moisture is subject to swelling, increased permea- 


bility, a and loss of strength, 


att. 


However, ‘if 19. 6% of moisture were applied to the total mass, the dry 
om eight still would be 120 lb, but the material would not be subject to sw elling 

consequent loss of desirable attributes. As the amount of moisture ial 
increased, the distribution will be much more uniform; swelling and —_ mea- 


bility have decreased and strength has increased. 
‘When the moisture is increased to slightly greater ater than optimum, inten 


been pr ractically eliminated, and the material has reached its optimum of 

density and strength after subsequent § saturation, as shown by Fig. 5(a) for a 

20% till admixture which has an optimum m moisture of 16. 5%. The use of an nh 
abundance of moisture, however, is obviously en show n by the 


reversal of the curves of Figs. 5. 
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foregoing discussion applies, course, to those many materials hich, 
when placed with deficient moisture, are subject to sw elling when eo 


saturated. 
Typical characteristics of an expansive ‘soil are shown in \ Fig. Even 


for a constant density, the pressures required to prevent e expansion “decrease 
as. the initial moi moisture content increases. 
Tt is s also pel pertinent to note that, for any given material and oe 
content, such expansion would not occur if there were sufficient resistance to 
_ expansion offered by the material placed in the dam adjacent to and above it. : 
~ In such cases, the earnaaggtedl would be less, and strength would be greater, ' 


indicated | by the tests. 


— = 
| 
— 
— 
— 
— tha 
Proc 
— | 
4 
— 


AMERICAN SOCIETY 


“CONCRETE. RESERVOIRS OF THE 
VERTICAL-BEAM TYPE 


Discussion 


Messrs. ‘VICTOR H. COCHRANE, AND E. 


AND J.C. (GEARHART 


& 


Victor H. Cocur ANE,*® M Soc. C. E. The clear presentation n of the’ 
. ad advs antages and limitations of the vertical- beam ty pe of reservoir and the dis- 
cussion (based on the author’ s ; experience) of both desirable a and faulty details 


Ay reservoir of this s ty pe, built i in yee spring of 1942 for a large army canton- 


ment in the Southw est, W as ; designed under the direction of the writer. ‘The 
of 3, 000, 000 is sufficiently large: to the elimination 


of a -cireular reservoir. was used for backing and for a roof cov 

18 in. in thickness in order to improve the quality « of the stored water, to 7 
minimize temperature variations, and to effect concealment of the structure. 

The inside diameter is 164 ft and the depth of water, , 20 ft. The rock face of the ~ 
foundation trench is relied up upon to resist that part of the bottom reaction of. 

the wall sections not taken care of by the earth backing. The support of the 

top of the wall is similar to that shown in the middle detail of Fig. 3(a). ‘There 

e twelve vertical joints at intervals of 43 ft. _ The: weight of reinforcement 
Tequired was found to be only about one half : as great as for a conv entional 


-hoop- -tension reservoir. 
This structure departs fr from the author’s in the following 
particulars: (1) It is circular i in plan, for the 1 reason prev iously stated; (2) it is 


covered and backed with earth; and (3) the length of the wall sections is greater 
than Tecommended. In general, these departures: may be explained | by the 


' Tene —This paper by C. Maxwell Stanley, Jr, M. Am. Soc. C. E., was published in December, 1942, 

‘ Proceedings. Discussion on this paper has pane in Proceedings, as follows: March, 1943, by Lewi is A. 
Schmidt, Jr., M. Am. Soc. C. E. 


Cons. Seer. Okla. 
a * Recei red by the Secretary February 19, : ‘19 43, 
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COCHRANE, (ON VERTICAL-BEAM RESERVOIRS 


ve 
fact that he reservoir was expected to we in use not more than five ye years, — 
thus making the requirements less severe than for a permanent structure. — 
 *F rom the structural point of view ‘the earth | covering is advantageous in 
Some res respects as it greatly reduces the temperature range and, at the same 
time, protects the concrete from the effects of freezing and thawi ing. Since the 
7 inward earth pressure i is about one half as great as the outward water pressure 
with full reservoir, the inner face of the wall will remain in compression except 
when the tank is empty or drawn down to an unusual extent. If some small — - 
cracks should appear under these conditions, they should close when the 
_ reservoir is filled above the normal drawdown level. . 
_ & Experience has shown | that, unless extraordinary measures are employe d, 
a concrete 1 wall resting on a or rock and exposed to extreme r: ranges of tem- 
perature | tends to crack at intervals. of 15 ft to 20 ft, and therefore the statement — 
that the wall sections should be less than 20 ft long between joints is correct. : 
As the author suggests, horizontal bending stresses may be set up in long 
sections” because the vertical- beam elements are somewhat restrained —_ 
bending radially . The section is strengthened by this action unless -eracking— 
occurs. In the present instance it was felt that the earth protection and the 


short period of use justified the joint s acing adopted. x ees 
oe The structure has been in use since June, 1942, and no defects of consequence — 

have been r reported. 7 The circular structure is free from the undesirable condi-_ 
_ tions occurring at the corners of rectangular r reservoirs. . It will will be interesting — 

to. note whether any objectionable cracking occurs 
_ his discussion of retaining wall types — (see heading, ‘ “Conventional De-- 
‘signs: Retaining Wall Types’’), the author omits reference to the arch- wall 
design, such as that developed by the writer for a 1-million gal clear well of the 

water treatment plant near Fort Smith, Ark. Several descriptions of this 


reservoir have been published.* 4 This type of s structure seems to eliminate oll | 


‘The Fort Smith reservoir is circular, with a 20-ft depth of water, and t the 


wall consists of twelve arches of 25-ft span, 8 i in. in thickness, | springing from 
radial buttresses’ with counterfort extensions. in 


a is no tendency for the joint | to open, simple and i inexpensive @ stopwater_ 


elements 1 may | be e used. special treatment is that 
between arches | 


exterior at the heel of ‘the to lend stability to. 


of A design was also” made for a pre-stressed tank with a domed roof. ‘The - 
“quantities required for the two designs were found to compare as follows: a 


4 Engineering News-Record, September 17, 1936, p. 400; also Water Works Engineering, August 19, 
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a ; - the forms being raised as the concreting progresses. The entire wall, including | Cor 
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Reinforcement, lb.. 112, 000° 


For an aboveground reservoir of the ail -W all ty pe the ——— ayer 
_ would be considerably less than the foregoing. — 


‘in service since 1936, and no leakage has been observ ed erg no defects have 
kind ofr reservoir unlimited : as s to size and virtually 1 unres 


J 


in which hs = = depth o of water i in feet; Ci = = cost of floor, roof, and roof covering, 
in dollars per square e foot of reservoir area; V = volume of storage in ‘eubie 


feet; and & is a constant. 


The « cost of the wall varies approximately as ‘the wees of the height, and 


= (assumed), Ce being the cost of the arches, buttresses, and backfill 


(if any) per linear foot of wall. Table 2 shows typical variations in emails 


Capacity, IN MILLION GALLONS: 


C1 (dol-| Con- | 0.1 1 1 3. 
lars stant | 
per | &k& 
Depth Lengths Depth Length Depth Lengthe 


1/12 | | 10.9 111 13.6 


de pth for covered and uncovered reservoirs for assumed values of Ci and k. re 


E. Koo n,°M. Au. Soc. C.E., C. Gearwarr,’ Assoc. M. Soc. 


C. *—Having, presumably, investigated the merits deficiencies of 


Cons. Engr. and San. Engr. (Stevens & Koon), Portland, Ore. 


Ensign, CEC-V(S), U.S.N.R., Va.; formerly Asst. Engr., Sevens & 


te Receiv ed by the Secretary March 23, 1943. 
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* 
The greater the capacity, the less will be the cost per unit of storage. If a 
cover is provided, a square or rectangular shape is preferable. — 
economic depth for square arch-ywal] reservoirs is given by the formula 
— 
| 
‘TABLE 2.—Economic DEepTus ror SQUARE ARCH-WALL RESERVOIRS 
Ge a 
— 
1.5 144 24.8 | 232 
h 
@ Length of side; ail dimensions are in feet. 
— 
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KOON GEARHART ON VERTICAL-BEAM RESERVOIRS Discussions 


3 covered concrete reservoirs built according to ‘ ‘conventional design,” the author — 


concludes that such structures can be built, to adv antage, with “weatinald beam” 
side- walls. conclusion Ww ‘as as the result of theoretical analyses 


in 
been tried w ‘ith unfavorable results. 2 The author as ‘ ‘conventional 
; cantilever walls « or buttress- -supported walls and also hoop- reinforced walls « of 
7 round reservoirs except those wherein the steel is prestressed. _ This ; definition 
seems adequate and is accepted for p purposes of reference herein. 
_ This discussion deals with certain of the author’s conclusions which the 


Ww riters « cannot accept 2 as well founded i in theory, or established as the result of 


General Comments. —The data presented i in support of the author’ r’s conclu- 7 
“gions are. limited, , in all. practical aspects, to ) observations on one reservoir of. 

: moderate size 1 million gal) in which several defects appeared, and to two | 
quite “small re reservoirs (0.12 million gal and 0.10 million gal, respectively) in 
which changes in details of design were made to correct for defects observed 
In general, the writers have favored the author's so-called “conventional — 

deen ” An exception has been made in the case of relatively small structures, 
‘mainly settling basins ahead of mechanical filters , where » the lengths of tie 
beams have been rather short. As a consequence of these experiences, this 


paper favoring vertical-beam construction for reservoir walls has been read. 


_ with much interest. 


a Adverse Conclusions.—The writers’ conclusions are quite contrary to those 
reached by Mr. ‘Stanley. _ The importance of his assumptions of deteriora-_ 
of concrete-embedded steel also is questioned. Supporting explana- 
tory” discussion | will follow, but an outline of these adverse conclusions is 


— 


Except under certain unusual conditions, there will be no 10 advantage in 


“vertical-beam” walls either structurally or economically; 
eae assume that defects which appeared in a 3 million gal reservoir - have 

proved to be corrected fully by changes made in design of later structures, 
each 1 of which is less than one twenty-fifth the size of the original structure, is 


8 Structures of “conventional” design are not more subject to leakage 
than ¢ are those of the vertical-beam type; 
4, It is not necessary to ) apply surface waterproofing to walls of ‘‘conven-— 


tional” Pench — —_ been built properly (this is also true of walls of ‘the 


= % No evidence has been produced by the author, nor have the writers 
found it j in literature, to the effect that the minute cracks yhich 


6. The use of vertical- beam Ww alls in place of cantilever | walls does not amen 


a seca nor does it afford appreciable advantage to the 
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7. Steel tie rods required by vertical- beam construction, unless specially 
7 protected, are more vulnerable te deteriorating action than concrete- “encased _ 
Feinforeement as used in walls | of ‘ ‘conventional” design; 
8. The w vriters f find that an analysis 0 of relative | costs favors ‘ ‘conventional’ 
design i in the ratio of about 5: 

Application of the vertical-beam theory to reservoirs would 

velop extraordinary problems in tie-rod arrangement which should preclude | 

attempt to use such a design; and 
10. Although the design of a reservoir with vertical- beam walls may be 
‘teeendienie ‘sound, the possibilities of major structural failures due to defective 
workmanship, particularly with respect to tie-rod placing and adjustment, seem 


way great as compared with an equally well- -designed structure with walls of 


Basic Theory. —The author’ theory, tl that! he use of an 1 adequately ‘supported 
vertical beam to carry the load due to water ] pressure in a reservoir is feasible, 7 
: cannot be disputed; but the application of this theory cannot be made properly © 
to reservoirs rs of all ordinary sizes and 7 Ins some reservoir 
y high vertical 
— in good ¢ concrete. ' In then on cases, the writers agree with the author as 7 
o the soundness of application of the theory but hae if its use will show 


- economy in construction cost as ; compared toa design of “conventional” type. 
' In short, a good reservoir can be built using eith either type of wall design. “Archi-- 7 
tectural requirements or foundation conditions - may be determining factors i in 
| the selection of the type of wall to build. In another case the designer’s S- 
preference, influenced by his personal appraisal of the relative merits of com-— ‘o@ 
pression or tension in the wetted wall face, may determine the final choice. 
reservoirs, however, must conform in all respects to the foregoing 
stipulations. 7 Usually the designer has several options: The reservoir may be 
-Telatively shallow and consequently may cover a greater area; it may be made — 
round i in plan and r relatively shallow or deep; : and it may be built with a con- 
_ siderable part, or all, of the water capacity br below or above natural ground lev el. 
* or some, of these alternates may be, and usually are, available for the de- 
‘signer’ 4 choice, and his determination to give predominant weight to : any 
- Special condition perhaps will be influenced by many factors. In some in- 
stances, certain unalterable facts—the elevation of the available site in relation. 
j to a fixed Tequirement for elevation of the water, the nature of the foundation 
oro of the material to be excavated, architectural requirements, and p perhaps 
-others—may be conclusive in dictating the type of reservoir wall to be built; 
but such circumstances are rare. For purposes of this discussion, it is under-— 
“stood that certain basic: requirements | only 1 remain unchanged: (a) The reservoir - 
must be built of reinforced concrete; : (b) it is to be provided with a roof— 
_ presumably of concrete, , but not necessarily so; (c) it must have the a 
capacity; and (d) it must be a well-built structure, free from leakage. — oa 
- Only rarely will there be such a com bination of all circumstances as s clearly - 
will favor the designer’ s selection of the vertical- beam type of wall; and, conse- .& 


“quently, the e application of this “basic theory” of vertical-beam construction to 
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all concrete-covered reservoirs « or, indeed, to more than a negligible few, i is not 


ou 


been on the cracks, either visible or microscopic, 
_——- concrete members under normal loads. The stresses within a ver- 

~ tical wall subjected to hydraulic loading can be calculated very precisely, and, 7 
consequently, t the deformation of such a wall can be. determined with reasonable — ; 
accuracy. i Since the tensile strength ‘of concrete alone is assumed as zero in 
most ‘Teinforced concrete design, it follows that Minute cracks must occur 


any member that suffers deformation; and deformation will occur, of ¢ course, 


as soon as any load is applied. 
The author’ s principal argument in favor of the vertical- beam type pe of wall 


se reservoirs seems to be that the entire concrete surface in contact with the 
Ww ater is thus i in compression and therefore free of cracks wh hich might permit _ 
“moisture ‘to attack the reinforcing steel. Although: the writers agree that 
cracks will 1 develop ir in n the inside face of a cantilever ‘wall, they are not 
- convinced that these cracks are of sufficient ‘magnitude to] per rmit water to olen 
s. and thus, perhaps, to be detrimental to the steel, unless such a wall is” loaded — 
appreciably above that allowable in normal design. 
_. If it is assumed, because there is no evidence to the contrary, that the cracks 
in a cantilever wall will be large enough to permit water to contact the steel, 
— it is evident that similar cracks of equivalent magnitude must appear on ‘the 
outer or tension side of the wall designed as a vertical beam. Such cracks, 
although not exposed to 1 water from within the reservoir, would Swgeereenaresg : 
to the 2 attacks of of rain, ait air, and frost if the wall i is exposed to the atmosphere ai and 
"perhaps even to worse conditions if the wall supports a backfill. These agents 
_ may be ‘much “more severe in in their effect on the reinforcement and = 
than the reservoir water alone. 
By the use of sufficient reinforcing ‘ steel, all cracks ¢ can be eliminated o 
"reduced i in size as to remove any - chance of their being deep enough to mo 
a the steel. There is no evidence, however, to indicate that such extravagance ; 
i in steel co could be Justified, in any way, whether the wall be of the ‘ ‘conventional” , 


or the vertical- beam typ pe. 


-voir ir construction m may be but this that they have been 
considered for ‘such service, . The experienced reservoir designer customarily 
has in mind several alternate types of structures or methods of construction | 
for each such project; and, since there are frequent occasions to use vertical 
- beams to good advantage i in ordinary structures, it i is not reasonable to : to assume 
that their possibilities for reservoirs would be overlooked. It appears, there-— 
fore, that the chief reason why this type of design is not usual, and consequently 
“conventional,” is because safer or more economical types hanno chosen. 
—- Relative Cost of ¢ Construction.- —It i is stated i in the paper that reservoirs with 
vertical-beam type of walls have been constructed without increase in cost over 
other types. 7 A few calculations made > by the writers do not appear to bear out © 
this statement. Alternate designs for the ai author’ No. 1 and project 


No. 3 are submitted h herewith i in Fi 
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@ 12" in Both Faces, 
Temperature and nd Spacer Ste 


Construction 
Joint 
Mastic Filler 


an RESERVOIR ALTERNATE 
PROJECT NO. 3° 


Bottom 


Temperature Steel 
12" in Both Faces 


Provide Lap Between Slab 
and Cantilever Steel 


Mesh or Bar 
~ {Reinforcement * 
| 


3'6" { 


therefore, these quant 2s have been neglected in the comparisons in 
making the comparative estimates, it also has been necessary to assume dimen- 


Saal which appear to be reasonable for structural details not given by» the 


Since the author does not indicate the roof or floor slab reinforcement, nor = 
the column supports for his roof in project No. 1, it is assumed that the quan- Me ec 
of steel would be substantially the same with either type‘of,wall and, 
| 
\ 38' 4" Dia. | « 4 
= 
| 


HART ON VERTICAL-BEAM RESERVOIRS | Discussions 
author. — Likewise, it will be necessary ‘to make similar ass assumptions for details 
~ which the writers could not show ii in their r sketches. a 
™ The r roof slab i in Fig. 6 is show n, with a a thickness of 6 in., to be comparable | 
the author’s design for estimating purposes. This type of wall design re- | 
quires slightly | greater roof area. The v ver tical steel bars in the outside face, 
a carried to varying elevations, a are adequate e for earth backfill as high as the 
im water level, and should be omitted if there is “no backfill or if they are not 
4 required as spacer bars to support temperature steel . The principal reinforce- 
_ ment bars in the wall and in the footing vary i in n lengths, a as the stresses r require. 
a The writers’ alternate for project No. 1 (Fig. 6(a)) has a capacity of 1.5. 
gal i in each of two square sections, a common wall between. 
division wall is similar to the side-wall detail except that the floor has a 1- -on-2— 
slope for a dis distance of 10 ft on each side. 
The concrete e quantity i in pr project No. 1 (Fig. 5(a)), inchading ws walls, footings, — 
and floor and roof ‘slabs, approximates 1,895 cu yd. _ ‘The reinforcing steel, 
neglecting that i in the roof and floor slabs and assuming that no extra steel i is 
_ ‘added in in the roof slab to restrain the top of the wall, is calculated to be 183, 000 
Ib. If the concrete is estimated to cost $40 per cubic yard and the s steel $0.06 
per r pound, then | the total cost of these parts of the reservoir is approximately | 
$87,000. 


For the alternate design indicated i in Fig. 6(a), a reservoir of 


capacity, with the same items of steel ‘neglected, the concrete is estimated at 

(1,480 cu yd and the reinforcing steel at 131,000 lb. , Using the same unit prices, 

- the ec cost of these similar par ' parts of thea alternate reservoir is approximately $67, 000, 
thus us showing a saving of $20,000 in these item 


This comparison does not present quite : a picture, however. “If the 


- two reservoirs were located on identical sites, ‘the alternate reservoir must be 
_ § ft lower than the all-vertical-wall type to obtain the same foundation me-_ 
iv * dium. - Approximately 4,000 cu yd of additional excavation would be required | 
for rihvenennd alternate, but it still would show a saving of probably $16,000, 
or more th than 18% in construction cost. Since local conditions affecting the 
available site elevation are as likely | to favor one design sn as the other, this 
feature as related to probable cost cannot be considered here without undue | 
: - extension | of this discussion. — How ever, by placing a series of foundation we alls 
under the slope ‘slab and w wall footing and by i increasing the thickness of the 
- sloping slab to carry the load id between t these walls, { the alternate reservoir ‘could 
occupy any site suitable for the vertical- beam type; but there then would be 
little difference in cost of the two types. It should be noted here that the 
131,000 lb of steel used in the alternate design include about 35, 000 lb in the 
to permit backfill to the full wall height. Ii 
such backfilling i is not required, then an additional saving of $2,100 would | be 
effected in favor of the ‘ “conventional” desi en, 
effec 
wif In project No. 3 (Fig. 5(c)), the author again gives adequate details only of 
; ‘the wall, footing, and wall cap. — Therefore, the quantities i involved in these — 
units are the only ones included in the following comparison. From the details 
: ‘given, the 2 capacity of tk this 1 reservoir is only a little ‘more than 8: 82, 000 ) gal. . ‘There : 
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-— are 51.7 cu yd of concrete in the -— footings, and ‘cap, and the weight of the 


reinforcing steel (neglecting tie rods for which no data are given) is 9,200 lb. 
Using the same unit Prices as before for comparative estimates, the cost of 

these parts of the reservoir would be $2,620. 
For a circular reservoir of same and as shown for project 


features of project No. 3. The unit of conerete be for the 


cireular v wall, but, even if this | proved to be true, ‘ round i has such distinct — ; 


pa addition to the quantities compared, there is also the problem of tie veda and = 
expansion n joints in the vertical- beam-wall type, and their cost undoubtedly a 


- would be such as to permit the « designer to double the quantity of reinforcement — 
in the circular tank and stress the steel as low a as 6,000 lb without showing an 


unfavorable cost comparison for the round type. 
ertical Joints. —The author states that some difficulty with 


reason conclude that construction joints: at 20-ft intervals are 
necessary or desirable. _The writers are certain, as a result of their own experi-— 


ence, that such short w vall sections would accomplish no nothing i in 1 guarding against 
-Teservoir leakage, would increase costs, and perhaps actually result in 

ae Many structural design authorities us use Tound figures of 0. 20% _ 25% for 7 
temperature reinforcing in ordinary slab design. However, extensive tests and 
experiments by C. P. Vetter? and V alter Dreyer, 8 Members, Am. Soe. C. 


; ‘jadieate that 0.60% to 0.75% of temperature steel is necessary to eliminate all - 
possibility of | cracks large enough to ‘permit leakage from a concrete reser- 


voir. Under conditions where maximum air temperature 2 ranges: are as much — 
as s 100° F, the writers have used materially smaller percentages of steel than — 


“here recommended, with entire success. = 


In “project No. the author used longitudinal temperature steel to 


5 of only 0.17% of the cross-sectional area of the w wall and, in project No. 2, 


was approximately 0.14%. These low percentages of temperature reinfore- 
ing steel point quite definitely to a reason for the troubles experienced. 
In the design of a 15 million gal reservoir (built in 1939) with a 20-ft water — 
- depth and wall section somewhat similar to that shown in Fig. 6, the writers — 
used approximately 0.85% temperature steel i in main all ‘sections, 58 ft 8 in. 
between construction joints. After this: reservoir - had been in use for - 


= 7 “Stresses in Reinforced Concrete Due to V olume Changm,” 
Vol. - 98 (1933), p. 1039, 


>. 105 8. 


” by C. P. Vetter, Transactions, Am. Soc. 
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the total weight of the reinforcement, with f = 12,000 lb, is 3,250 lb. The cost De 
— 
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: ~ joints occurred on his projects Nos. 1 and 2, and that, as a result, the subsequent _ Bee 
design satisfactorily employed construction joints at 20-ft centers or less. ' os 
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approximately three years, there were 1 neither visible cracks nor leakage ir inany 
of these relatively long ws all sections, and a face, 475 ft long, was exposed for § and 
_its entire height. Experie ience on this and other reservoirs of somewhat similar 
design | has led the writers to o believe | that the distance between construction — tion 
joints can be almost any convenient tena, Ww ithin reason, as long as the amount = 
plet 


Ww hich may have contributed sociale to the diminntins of shrinkage | cracks, ther 
was the separation | of all Il major wi ral sections by short t closing sections which 


Ww rere poured not less than 20 days a after the adjacent wall sections were built. 


_* he troubles experienced by the author r with shrinkage or contraction cracks 
in in his 3 project. No. 1 are definite evidence of the undesirability of making : a 
- rigid connection between wall and roof in a structure so large. OF rom the in | 

complete details given, the reader must assume that the roof slab is one con- 

= - tinuous piece, approximately 125 ft by 185 ft on its sides s. A 100° range in 

temperature will produce material changes in slab dimensions and, conse-_ 

—_ transmit very severe stresses to the wall sections. In all cases the — 

walls will be affected m much less by changes i in air temperatures 1 than the roof 

Fy and thus will not expand o or contract in harmony with it. om The best solution 

ae ) support the roof s slab entirely free of the walls: so that ; movements i in one 

vil not transmit stress into the other; at least this is true in structures of such 

size that vertical expansion joints are required in the walls. 

Tie- Rod Use Questionable. —The use 0 of unprotected tie rods seems ill advised 

~ when they perform so important a function in the stability, of the structure. 

_ eae floor or when. they a are > suspended below: the roof slab in w what i is alw: ays 

an extremely humid atmosphere. — Such steel cannot be expected to approach 

the life of concrete- encased reinforcement.  Ifso used, the safety factor should 

be increased materially, and this, in turn, increases the steel quantity = In some 

way, these tie rods may be encased or protected, but construction costs will 

increase with any St such design provisions. ~The difficulties of properly placing 


and adjusting these tie rods, together. with the uncertainties and hazar ds at- 


— 


them even if a substantial construction cost s saving be 
Surface Waterproofing.—The author states that the walls ‘require aw ater- 


water. ‘results have the that this is is not necessary 
adds considerably to the over- -all cost of the Teservoir. 


te 475 ft in plan, , with a dividing wall to provide two square ‘unite. Although 
there is a 20-ft water depth w hen | full, the floor slab is only 6 in. thick and the : 
slope and wall sections are quite similar to those shown in Fig. 6(a) . All joints — 
between adjacent floor-slab panels, as well as wall sections, have flexible metal 
_ water stops embedded i in the concrete. Definite artificial cracks, about 3 in. 7 
wide, were provided at the water stops in the floor, and these were filled with : 
hot mastic after completion of the roof. (It is important that the roof be 
completed before the mastic joint- filler is ‘Seuiaie as, otherwise, during and for 
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some time after the on are completed, the floor slabs are subject to expansion 
and contraction greatly out of proportion to that which occurs after the roof 
is in place. Unless | this procedure i is followed an inferior job of joint construc- 
tion is S quite | certain to occur. > No waterproofing of any kind was applied to 
the concrete mix or its finished surfaces. +. The re reservoir is underdrained ¢ com- 
pletely to an. open pit. At no time since the reservoir has been in service has 
there been any flow ar eran from these drains. — The soil under the reservoir 
is practically impervious, and, - consequently, | any leakage would be evidenced 
| by flowin the drains, 
~ Upon its completion, the r reservoir was filled to | capacity and subjected to a 
prescribed lea leakage test. _As measured by hook gage, the water level dropped 
i in. in 48 hr, thus indicating a loss of approximately 4,250 gal per r day, a truly 
negligible part ¢ of the capacity. _ This test was repeated after the reservoir had 
_ |] been in service three - years, and there was no measurable change i in the rate 
q of loss. Since there have been three cycles of seasonal changes in temperature, 


: it seems reasonable to assume that. this minute loss is established permanently 
t a and is certainly undetectable through visual observation of exposed walls or 
1] open underdrains. % This case is cited thus because it proves on a rather large 


scale that even r relatively great a areas of thin concrete slabs are watertight if 


e | 

h suitable concrete is used and, particularly, if adequate care is taken to insure 
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CHARACTERISTICS OF 1 HEAVY 


NEW -MEXICO. AND ARIZONA: 


Discussion 


A. Soc. C. 


LAWRENCE Prartt,? Assoc. M. Am. Soc. C. E «Engineers of the South- 


will find this paper valuable e compilation of l-day rainfall records, 


the work of Mr. Yarnell.? 


It has been observed at Tucson, Ariz., 7" that, for a period of six to eight 
‘weil during July and August, thunderstorms are of almost daily occurrence. 
_ A notable feature of these storms is the punctuality of their appearance. 
About 10:00 a.m. “thunderheads” appear in the northwest and 
— rapidly to the zenith. The first drops of rain may be expected about 
8: 00 p.m. but within another 2 hr the storn m will have passed and the sun will 
be be shining again, _ The first raindrops | are very large, making splashes on the 
‘ground the size of Pan dollars, but quickly becoming smaller. __Probably the 
“heaviest. intensity during the storm: occurs within the first 15 min. Each 
storm is ‘accompanied by a ‘sharp ‘temperature « drop of 20° to 30°, , and there 
may or may not be a strong northw est wind. 
my Another type of storm which may be peculiar to southern Arizona and 
- southern } New Mexico i is the “ duster” which occurs in n early and |: late summer. 
This is characterized by a persistent wind which at times reaches | a high» 
velocity and which carries great quantities of dust. Y The usual duration of - 


‘this storm is: 3 The) wind i increases in from to and the 


| 
| 


| 


a From the summit of Bill Williams Mountain, 4 miles south, and 2,500 ft 
a above Williams, Ariz., the writer had an opportunity to haere weather 


phenomena throughout. ‘summer. On certain days as “many as four 


: Pr ——— .—This paper by Luna B. Leopold, Jun. Am. Soc. C. E., was published in February, 1943, 
Received by the Secretary March 11,1943. 
“Rainfall Intensity —Frequency Data,” by David L . Yarnell, ‘Publication ‘No. 204, 
680 
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ON NEW MEXICO AN AND ARIZONA 
re 
“separate and apparently independent thunderstorms were seen seen at the same 
oe time, moving fi from west to east over the plateau which reaches north to the — 
Grand Canyon. - ‘These storms were of small extent, with ‘sharply defined 
— covering f from 1 to perhaps 4 or 5 sq miles. 
of the limited area and short duration of high- intensity summer 
storms, the problem of deducing runoff from rainfall is complicated. — — Only 
the smaller drainage basins have times of concentration 1 sufficiently short to 
coincide with the times of precipitation of the storms, although local flash 
floods may be produced occasionally even in streams of considerable drainage 
area, _ However, notable floods on the larger rivers, the Colorado, Rio Grande, 
‘Pecos, and Gila, are generally with winter storms of lew intensity, 
wide extent, and long duration. 
The danger of using 24-hr records from nonrecording rain gages should be 
emphasized. Unless the times of beginning and ending of precipitation are 
Spend carefully at the time of obs servation, the total rainfall is of little value 


in any intensity study. 


— 

— 

q 
is 
ht 
ee. 

ach 
‘ 
ere 

higl 
ugh 
* — 
min. 
- . 
yp 

, 1943 
! 


AMERICAN SO OCIETY OF oe 


Founded November 5, 1852 


= 


By A. M. GaupIN, Esq. 


—_—— 


problem of turbulent conditions is contained i in the “paper 
by Mr. Dobbins. The discussion of the distribution of particles in a . vessel in 
which the “turbulence e varies along a vertical coordinate only is convincing 
indeed in the agreement of theory and practice. Of course, the broader 
—— of the distribution of particles i in a flowing stream is what the author 


is looking toward, but has not yet undertaken to solve. It is to be hoped 


in which particles | various sizes, 8 ic shap 4 


that this will be done in subsequent papers. 


In concluding den: very - brief comments, the writer wishes to ‘congratulate 
Mr. Dobbins for this well- documented and splendid contribution to the 


know of the movement of solids in fluids. 


"Corrections for Transactions: In February, 1943, Proceedings, page 239, 


Eq. 5d, change to “A ; and, on page 255, Fig. ‘11, change 
“Equation 47” to “Equation 41.” 


- Nots.—This paper by William E. Dobbins, Jun. Am. Soc. C. z: was published in February, 1943, 
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